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1. [Hand respondent Activity Sheet]

Please |ook at this sheet. It lists some of the things
people do wth their time. Place an X beside each activity that
you do in the course of an ordinary year. If there are any other

activities that you do, check the spaces marked 'other'.

[ Pause, for respondent to conplete Activity Sheet]

2. Do you own or have the use of the following itens?
[ Check For Yes]
Bi nocul ars

A light plane, glider, hang glider, or
hot air balloon

A birdwatcher's guide

A recreation vehicle, canper, or notor hone
A guidebook for amateur astronomers

A canmera with telephoto |ens

Backpacki ng equi prment

A vacation hone or cabin



[ Present photograph set]
3. Now, pl ease look at these photographs. Each row shows the
sane scene, only wth different visibility. [point to photos] The
pictures on the left show a visibility of 4 niles. The ones in the

center show 13 mles, and the ones on the right show 30 mles,
Notice that when visibility increases you can see farther, and the
things you do see becone sharper and nore distinct. [ PAUSE]

a) [Present card A] This card shows the relationship between
the photos and visibility. If you had to guess how many
mles would you think you could see on a typical Atlanta day?
It doesn’'t have to be one of these photos, they are just there
to help you.

Enter Quess (In MIes)

Records show that typical visibility in the Atlanta area
is actually about 10 nmles.

Pl ease look again at the activity sheet.

b) Are there any activities which you would do on a day with 30
mles visibility, which you wouldn’'t do with 13 niles? Wich ones?

c) Are there any activities which you would do on a day with 13
mles which you wouldn't do with 4 mles? Wich ones?




In the following questions, we would like you to answer for
your entire household, that is, any one who contributes to, or is

supported by, househol d i ncone. To understand your answers, we
need to know how many people are in your household. How many are
t here?

Enter # in household

4, Let us return to the photographs.

Visibility is affected by both natural and man-made causes.
In particular, there are a number of nman-made things in the air
which do_ not affect health but do affect visibility. W can do
something to affect these things, but this costs all of us noney,
since it nmakes the things we buy nore expensive. The follow ng

questions are designed to help us find out how much visibility is
worth to you.

[Present Expenditure Card, and then read slowy]

I'd like you to look at this card. It shows how much a
typi cal household with the indicated income spends each nonth for
various things. I ncluded are expenses for ordinary goods, |ike
groceries and housing. Also, it shows how nuch is paid, t hrough
taxes and higher prices, for various public prograns. Some of
these expenses are quite small, like for toothpaste and the space
program while others are quite large, like for housing and

nati onal defense.
[Pause, to allow respondent to exam ne card.]

You may look at this card if you wish to help answer the next
few questions.



[Present Card B]

4a.. Typical visibility in the Atlanta area is 10 miles. Consi der
what would happen iif typical visibility in Atlanta fell to 5
nmles. A program could be set up to prevent the decline. If the

total cost of the program to you/[your household] was $13 a nonth,
would you accept the program or reject it?

Accept
[ Check One]
Rej ect
Now, assunme the program would cost $ ¥ / mont h. Wuld vyou
accept the program or reject it?
* [ Follow Bidding Instructions. |If respondent bids zero, ask

QUESTION 4b. (Qherwise, enter BID4 and go on to question 5)

[Enter nmaxi mum anount  ACCEPTED. ]
$ /month [ Bl D4]

kkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhkhkhkhkkkkkkkhkkhkkhkkhkhkikkrkikrkikikikikikk*k

4b. ONLY THOSE WHOSE FINAL RESPONSE WAS $ZERO FOR QUESTION 4a.
[Present Card (

Did you reject the program which would spend your mnoney to
maintain visibility because:
[Check Only ne]

Visibility is not worth anything to
you (or, it wouldn't matter even if
visibility declined to 5 niles).

" You would appreciate [or value] inproved
visibility, but you think sonmeone else
should be nmade to pay for it.

Sone other reason:

* [If respondent says soneone else should pay, then say: ]

Later, you wll get a chance to say who should pay. For now,
we are interested in finding out how rmuch it is worth to you.
Let's say that you could buy visibility, and there was no one else
to pay or enjoy the benefits. Then, would you be wlling to Pay
sonet hi ng?

YES (CGo back to 4a.) NO [GCo on to Q 5.]



[Present Card D

5. Now let's go back to the our starting point, where typical
visibility is 10 miles. A program could be set up to Inprove
it to 20 mles. Suppose the total cost of the program to you
would be $13 a nonth. Wuld you accept the program or

reject it? (Point out change on Card D)

Accept
[ Check One]
Rej ect
What if it cost $ ’ / nont h. Wuld you accept the

program or reject it and stay at 10 mles?

*(Bidding as for Q4)

$ /month [BID5: Remenber this anount]



Present Card E]

For the next question:

If BID5 is GREATER THAN ZERO, say the words in (). If BIDb
was ZERO say the words in < >.

6. Now, what if the program inproved visibility all the way to
30 nmiles?

Wuld you accept the 32 mle program if it cost

($10 nore, for a total of $ [BID5 + 10] per nonth?)

[R]

<$13 a nonth?>

Accept
[ Check ne]
Rej ect

*

What i f it cost $ /month (more, for a total of
$ (BID6E + *1 ?) Wuld you accept the program or reject it?

*(Bidding as for Q4)

Enter both BID5, the additional anmount bid for QB6,
and BID6, in the three answer blanks provided.

ENTER $ + % MORE = $ / mont h
(BI D5) ( Bl D6)




[Present Card F and Eastern U S. Photo Set]

7. Now let's consider a program which would inprove visibility
in Atlanta by ten mles, AND_ ALSO inprove visibility in the
rest of the Eastern section of the United States by ten
ml es. The shaded area on this map shows the area to be

covered by this program [ BE SURE RESPONDENT UNDERSTANDS
THAT THE ATLANTA AREA |S | NCLUDED! ]

(Before, you accepted a ten mile inprovenent in Atlanta alone
when it cost $[BID5]/nmonth.)

If this program cost vyou/your household

($10 a nonth nore, for a total of $ [BID5 + 10])

<$13 a nont h>

woul d you accept the program or reject it?

Accept
[ Check One]
Rej ect
What if it cost $ ) /nmonth (more, for a total of
$ [BID5 + *1 ?) Wul d you accept the program or reject it?
*[Bidding as for Q 6]
FILL IN ALL BLANKS:
ENTER $ + $ MORE = $ / mont h

(Bl D5) (BI D7)



[Present Card @G

8.

[R]

FI LL

One last program [ Show WEST picture set] This row of photos
shows a scene from the western United States.

No w, consi der a rogram which would improve typical

visibility by ten mles over the entire country, [ Show Map]
Visibility in Atlanta would go to 20 mles, and all other
places in the country would get simlar inprovenents. If the

program cost your househol d

(an additional $10, for a total of $ (BID7 + 10) )

<$13 a nonth>

would you accept the program or reject it?

Accept
[ Check One]
Rej ect
What i f it cost $ * /month (nmore, for a total of
$_ [BIDr + *] ?) Wuld you accept the program or reject it?
*[Bidding as for Q 6]
IN ALL BLANKS:
ENTER $ + % MORE = $ / mont h

(Bl DY) (BI DB)
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10a. Who should pay the costs of pollution control?
[You may check nore than one]

Odinary Gtizens
The Polluters
The Gover nnent

[Present Card H

10b. For sone years now, government and industry have been spending
noney to control pollution and inprove the environnent. Which of
the following three statenments best expresses your views about this?

[ Check ne]
Current levels of spending wll eventually
bal ance environmental quality and econonic

goal s.

It is time to cut back on spending for
envi r onnent al pur poses.

W need to spend nore, to achieve the
kind of environment we want.

Now, a few nore questions.

11. Do you own or rent the residence you live in?
[ Check ne]

own (go to 12a)
Rent (go to 12c)
O her (go to 12d)
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12a. OMNN If, for sone reason, you wanted to rent out your
resi dence, how much rent would you expect to receive? (or: what
would a residence like this bring on the rental narket?)

$ / mont h

b.[IF DOES NOT KNOW Perhaps it mght be easier to think about
the sale price. If you needed to sell your residence within 2
nonths and the buyer would have to arrange his/her own financing,
how much do you think it would sell for?

$ (sale price)
c. RENT: How much do you pay per nmonth to rent this
(house, apart nent) ?
$ / mont h
d. OTHER: If you had to rent a house or an apartnent like this

on the rental market, how much do you think you'd have to pay?

$ / mont h

13a Do you have any definite plans to nove your residence in the
next five years?

Yes
No
b [If a:Yes] when you nove, do you expect to settle west
of the Mssissippi River?

Yes No__ Don't know____
c. Do you expect to retire sonewhere near Atlanta?

Yes No (go to d)
Currently retired Don't know

d. [If c:No] Then, do you expect to retire:
(Check ne)

Sonmewhere east of the Mssissippi River
Sonmewhere west of the Mssissippi River
O her
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14a Do you own any residential property(houses, apartments),
ot her than the place you are living in?

No
Yes [ Conti nue]

b. Is this property |ocated:

In or near Atlanta (Check Al That
El sewhere in the eastern U.S. Appl y)
O her

c. How nuch do you receive in nonthly rents fromresidenti al
property:

In or near Atlanta?

/ mont h
El sewhere in the eastern U. S.? / mont h

4

15. [ Show Card |I] Please choose the best description of the view
you have from your residence, and give nme the nunber

Number from card

SCCI CDEMOGRAPHI C DATA

So that we can analyze the responses we get fromdifferent
eople, We need to ask you a few questions about your household.
our answers wll be conpletely confidential

16. O the people who usually live in your househol d, how many
are children, 18 years or younger?
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17a. For those who are not children, please fill in the table

[The following notes are for the interviewer's guidance]

# Each person is assigned a #, 1,2,3, etc.. The head of the
household is always #1. Grcle the # which represents the

Respondent . _ _
Relationship to Head: Indicate the customary famly
rel ationshi ps (spouse, son, grandnot her, etc.). For

non-famly relationships, just wite "friend".

Education: Wat is the highest grade or year in school conpleted?

NONE. . .................. 0

ELEMENTARY. ............ 123456738
HGH SCHOOL. . .......... 9 10 11 12
COLLEGE. . .............. 13 14 15 16
SOMVE GRADUATE SCHOCL. . .17 18

GRADUATE OR

PROFESSI ONAL DEGREE. . . . 20

SCHOOL: Is ...currently attending a School, College or University

FULL TI ME?
WORK: Does ...usually work [or seek enploynent] outside the
househol d?
IF NO, go to next person
|F YES, continue.
MONTHS: How many nonths did ...work in 19817
HOURS: How many hours/week did ...usually work in 19817
WAGE: [record either HOURLY, WEEKLY, OR MONTHLY WAGE]

17b. Do you have any of the follow ng?
[ Check those that apply]

Poor eyesi ght
Allergies (e.g., hay fever, asthma)
Any chronic respiratory ailnment [e.g. T.B., enphysems,

etc.)



PERSON

AGE

RELATI ON
TO HEAD

SEX
(MF)

EDUCATI ON

IN
(YES/ NO

VWORK
1981
( YES/ NO)

MONTHS
WORKED
1981

HOURS
WORKED
PER WEEK
1981

HOURLY
WACE

[OR]

VEEKLY
WACE

[CR]

MONTHLY
WACE




-15-

18. [ Race/ ethnic group, of respondent. Interviewer Check One].

Asi an

Bl ack

Hi spani c

Wiite

Q her
19. In your household, do you: [ Check (ne]
a. share or pool your incomes, as a famly or couple mght do.
b. live alone, or keep your personal incomes separate, as

friends sharing a house/apartnent m ght do.

20.[Present Card J] Please look at this card. Tell ne which letter

best describes your [household if 19a; or personal if 19b] i ncone
before taxes in 1981. Include income fromall sources, including
work, investments, business profits, interest on savings, pen-

si ons social security, support from relatives, and any other
benefits.

[Letter]
[ Refused, or didn't know and refused
to guess].
21. Was your personal incone in 1981 [ Check One]
about the sane as other recent years?

much higher than in other recent years?

much |l ower than in other recent years?

22. Wul d you expect your income, corrected for inflation [O
your purchasing power, O vyour standard of living] in five years
tine to be:
about the same as in 19817
much higher than in 19817

much lower than in 19817
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23. [Does your household if 19a; Do you if 19b]
[ Check One]

manage to save or invest a little?
just get by on current incone?

have to dip into savings or
i nvestnents just to make ends neet?

24. If you wanted to work a few nore [or "a few' for non-incone
earners] hours a week,

Do you think you could find work? Yes No

[If Yes] How nuch do you think you'd be paid? $ / HOUR

[Present Card K]
25. NET WORTH neans the value of things you own (persona
property, autonobiles, equity in a residence, investnents, savings
etc.) MNUS the total amount you owe to others (loans, nortgages,
bal ance owing on credit cards and installnment purchases, etc).
Pl ease |l ook at the card and tell ne which letter best describes
{Sgi [ househol d's if 19a; personal if 19b] net worth at the end of

[Letter] _
[ Refused, or didn't know and refused
to guess].

26. May | please have your name and phone nunber in case ny
supervi sor wi shes to check that | conpleted this interview

Thank you very nuch. You have been very hel pful



| NTERVI EWVER EVALUATI ON

Record any conmments which mght help us understand the an-
swers given by the respondent, especially those who protest during
t he bi dding questions.



APPENDI X B:  SAMPLI NG RATI ONALE AND PROCEDURES

To obtain contingent val uation responses, 792 households in the Eastern
United States were questioned about the value of preserving or inproving visi-
bility inthe United States. This survey represented the opinions of about
100 million people living inthe Eastern U.S. It provided the basic information
for a nonetary estinmate of the value that people in the Eastern U.S. would place
on alternative degrees of visibility inmprovement in their area. Indirectlyit
provi ded sone cl ues about how much people in the West mnight val ue i nproved
visibility in the Eastern U S

In order to enable the 792 households to give us the information we sought
fromthem it was essential that they be nmade representative of the popul ation

fromwhich they were drawn. Stratified-cluster randomsanpling was used. There

are several reasons for this approach. First of all there is a great deal of
diversity in annual average visibility inthe area. (See Map A.) Al'so, there
is substantial social diversity among the eastern regions, and they may differ
fromone another ininportant ways in their valuation of visibility. Econonic
theory thells us that geographic and soci o-econonic differences are inportant
and shoul d be included in the analysis. To make it highly likely that a sinple
random sanpl e woul d cover those categories would require a nuch larger sanple
than is feasible within the project budget.

The creation of sampling sub-regions was desirable for policy purposes.
Pollution control is the means by which visibility can be altered in any region
by human choi ce. However, pollution |evels differ substantially fromone region
to the next. Consequently, any change in anbient air quality standards wll
affect visibility indifferent regions differently. Regions that already neet

the standard will experience no change in visibility; regions the farthest from



conpliance wi || experience the greatest visibility inmprovenent. A sanple
desi gn that does not permt the anal ysis of separate regi ons woul d not
answer the requirenents of policy analysis.

To i mpl ement the sampling plan, six city areas in the Eastern U.S., in
addition to Chicago, were chosen to represent each | evel of average annua
visibility in geographically dispersed areas of the Eastern U S. The cities
were Atlanta, Boston, Cincinnati, Mani, Mbile, and Washington, D.C.  Selection
of city and rural areas outside the cities created sub-popul ations within the
Eastern U.S. The second naj or aspect of the sanpling plan was to apply random
sanpling within each urban and rural area. The urban sanple in each city area
was drawn using 1970 census tract maps and census statistical tables. First
all of the n census tracts in the urban portion of the metropolitan area
wer e assi gned numbers one through n . Then twenty nunbers between one and n
were drawn froma table of randomnunmbers and matched with the corresponding
census tracts. Eight interviews were to be taken within each tract, in the
order drawn, until 120 interviews were obtained. (The extra tracts were drawn
in case eight interview could not be obtained in sone of the tracts. However
t he sampling order of the randomdraw had to be followed; no interviewer discre-
tion was allowed in tract choice.)

Random sel ection of househol d wi thin each tract was achieved in a simlar
way. Every bl ock within each selected tract was assigned a nunber between one
and m, which was matched with the correspondi ng bl ock nunmber assigned by

Bl ock Housing Statistics. A randomnunber between one and mwas chosen to

determ ne the bl ock where interview ng started. Additional blocks were
determ ned by the going to the next hi gher nunmbered bl ock, using the bl ock

nunbers given in Block Housing Statistics (returning to the | owest nunbered

bl ock if necessary).



The interviewer's starting point on _each block and the direction to proceed

around the block were uniformally specified in advance for all interviewers

The procedure continued until eight interviews were obtained within a tract.
Interviews were conducted in two rural areas outside the netropolitan areas

of each city. Maps, interviewing routes and procedures for each area were

worked out between the field supervisors and the survey coordinator at the

University of Chicago.

Xerox copies of census tract nmaps and lists of tract orders were provided
to all interviewers, with starting blocks clearly indicated. Field supervisors
in each city worked closely with interviewers, and nonitored their work. The
field supervisors all attended a training meeting in Chicago before field work
began, and remained in close contact with the U of C survey coordinator during

the entire survey period.

O the 792 househol ds from which questionnaires were obtained, results
from 538 were used in the regression analysis for the visibility value function.
As indicated in Section 2.4, the major reason for not being able to use all the
questionnaires was the refusal of some households to give incone and wealth
information. Some questionnaires were not used because respondents bid zero
for reasons other than how nuch visibility was worth to them (for exanple, they
said the pollutant rather than the respondent should be expected to pay) or in

a few cases unreasonably high bids were given.



This folio explains the visual material used in the contingent

val uati on survey under USEPA Cooperative Agreenent #807768-01-0.
The folio contains exact copi es of the photographs used. Identifi-

cation is given on the back of each photograph. The sketches of the

Phot ograph Di spl ay Board i ndi cate how t he phot ographs were set up

and shown to respondents.



APPENDI X C.  BACKGROUND PAPERS

ESTABLI SHI NG AND VALU NG THE EFFECTS OF | MPROVED

VI SIBILITY | N EASTERN UNI TED STATES

by

Geor ge Tol | ey

Al an Randal

@ enn Bl onqui st
Robert Fabi an

G deon Fi shel son
Al an Franke

John Hoehn
Ronal d Kr umm

Ed Mensah

Terry Smith

The University of Chicago

USEPA Grant #807768-01-0

PRQJIECT OFFICER Dr. Aan Carlin
O fice of Health and Ecol ogi cal Effects
O fice of Research and Devel opnent
U S. Environnental Protection Agency
Washi ngton, D.C. 20460

Mar ch 1984

Not for quotation. Enpirical results subject to change.



Al
A?2
A3
A4
A5

A6
A7

A8

A9

A 10
A1l
A 12
A 13
A 14

APPENDI X C. BACKGROUND PAPERS

Content s

Theoretical Approach to Valuing Visibility

Atnospheric Visibility and Contingent Valuation Exercises
An Early Contingent Valuation Excercise

Econonics of Visibility - An Input Approach

On the Evaluation of the Social Benefits of |nproving
Visibility

Visibility and Its Eval uation

Visibility and Qutdoor Recreation Activities: A Research
Franmewor k

The Demand for Visibility Services
The Effects of Visibility on Aviation in Chicago
View Primary Recreation, The Hancock Tower

Visibility, Views and the Housing Market

Page
A1

A- 26
A 31
A- 37
A- 47

A-54

A- 63
A- 68
A- 83

A-90



I ntroduction to Appendi x C

Thi s appendi x cont ai ns papers whi ch represent the conceptual devel opnment
during the research effort. Numerous contributions to current econom c theory
and enpirical practice are found in these papers. They represent an exploration
of the fundamental issues involved inthe visibility project and were necessary

in attaining the focus achieved in the final product.



A-1

A-1 THEORETI CAL APPROACH TO VALUI NG VI SI BI LI TY

CGeneral Franework:

At mospheric visibility is nost effectively conceptualized as a matrix
of services provided by atnospheric resources. In order to place the value
of atnmospheric visibility in perspective, consider the follow ng concept ual
model for valuation of atnospheric resources in a benefit-cost context.

I n accordance with the potential Pareto-inprovement criterion (the
general |y accepted criterion for benefit-cost anal ysis--see, for exanpl e,
M shan, 1976), an existing environnental resource is valued at the seller's
reservation price for a capital good. The capital value of a given en-
vironnental resource, for exanple, "atnmspheric resources" (A) which pro-
duce a streamof visibility services, is the net present value to the seller
of the streamof services in each tine period, St’ wheret =0, 1, 2, ..., =,

and the present time period is defined at t = 0. Thus,

wher e V(St) = the net value, at timet, of the bundle of services produced
by Aresources intimet, and r = the discount rate.

The bundl e of services, St’ provided by Aresources is a vector of
n types of atnospheric services, Sip where i =1, ... , n, including

those services associated with visibility. Thus,

n
(2) v(s,) = 121 V(s )



A-2

Now, let us consider, first, the production of atnospheric services,
and, then, the value of those services. The supply of an atnospheric
servi ce, S (i,...,n), inany tinme period is a function, uniquely deter-

m ned by geol ogi cal, hydrol ogi cal and ecol ogi cal rel ationshi ps, of the

attributes, ak(k =1,...,m, of the atnospheric resources. Thus, for
all servicesini =1,...,n, we have
(3) ) =g (a;,....a)

Sp = gn(al,...,an}

Man enters the production systemas a nodifier of atnospheric resource
attributes. He may do this directly, e.g., by generating residuals and
permtting their release as pollutants into the atnmosphere. He may al so
modi fy at mospheric resources as a side effect (expected or unexpected) of
sone ot her decision pertaining to, e.g., the nanagenent of solid wastes or
wat er pol lutants, or of those resources which influence the capacity of
the atnosphere to absorb wastes. For each ki nd of atnospheric resource

attributeink =1,...,m we have

(4 2, = by (@%,xY

s u
a =h {(n
0 m\ » X )



where n° = a vector of "natural systems inputs", i.e., the inputs
whi ch woul d det ermi ne at nospheric quality in the absence
of man's technol ogy, and
x! = a vector of inputs controlled by man, e.g., anthropogenic
pol lutants, and any efforts on the part of nman to i nprove

the quality of atnospheric resources.

Both n® and x" are subject to scarcity; andthe attribute production
functions are determi ned by the | aws whi ch govern natural systens and by
man's technol ogy. The production systemis now conplete. It is entirely
possi bl e that the |l evels of production of some kinds of services, S, i n-
fluence the | evel of sone attributes, A, by a feedback mechani smwherein
S; alters the level of some man-controlled inputs in . For exanpl e,
the attenpt to enjoy high levels of waste assinilation services involves
high level of pollution inputs, which may directly or indirectly nodify
environment attributes.

Now, consi der the val ue of atnospheric services. Each individual, j,

enjoys utility in each tine period, t:

g Yy

where s” = a vector of atnospheric services, which are directly en-
joyed for their anenity value, including those which con-

tribute to directly enjoyed atnospheric visibility,

3]
1

a vector of goods and services for which at nmospheric ser-

vices are inputs, such as outdoor recreation services, and



yz = a vector of goods and services which are produced i n pro-

cesses bearing no i medi ate rel ati onship to environnenta

services

Each i ndi vi dual makes decisions intheinitial tine period, and subject to
his initial budget constraint, in order to maxim ze the present val ue of
expected lifetine utility.

By mininizing his expenditures, subject to the constraint that his
utility must always be equal to the utility he enjoys with the existing
| evel of atnospheric resources, his Hicksian income conpensated denand
curves [see Hicks, Mshan, Currie, et al.; WIlig; and Randall and Stall]
for atnospheric services may be derived. Fromthis, the H cksian conpensa-
ting measure of the val ue of the | oss which the individual would incur in
timet, should the quality of atnospheric resources be degraded--or the
val ue of the gain the individual would enjoy intimet, should the quality
of at nospheric resources be i nproved--can be cal cul ated. The total socia
| oss froma degradation of atnospheric resources--or the benefits froman
i nprovenent in atnospheric resources--nay be cal cul ated by summing the
Hi cksi an conpensati ng neasur es of wel fare change across individual s and
across time periods.

To adapt this general nodel to the study of the economni c val ue of
at nospheric visibility inthe eastern United States, account nust be taken
of several specific factors.

a) buetotherelatively rapidrecovery, under favorabl e circunstances,

of atnmospheric resources fromassaults by pollutants (conpared to,



say, land and water resources, and conpl ex ecosystens) intertenporal

relationships, while significant, may be | ess i mportant than in

t he cases of some other kinds of resources.

Due to the dom nant west-to-east (or southwest-to-northeast) trans-
portation pattern of atnospheric pollutants, welfare inpacts (i.e.
soci al costs or benefits) of visibility change in one part of the

study area are attributabl e to antropogenic pollutants generated in

other parts of the study area. Analysis by D. M Rote of ANL
| ong range transport nodel incorporates these effects.

The Primary enphasi s of the research on atnospheric visibility has

required that considerabl e subtlety and di scernment be appliedto the

task of differentiating between those welfare effects due to visi-
bility change and those due to other effects of atnospheric pollution
(e.g. plant, animal and human health effects). For exanple, outdoor
recreation activities may be adversely affected by visibility degra-
dation, but al so by damage to plant comunities and fish fromacid

precipitation;, the market value of residential property may be ad-

versely affected by poor visibility conditions, but al so by exposure

to human health hazards and property danmage

It is also inportant to note that the same anthropogenic pollutants,
interacting with natural atnospheric conditions,
responsi ble for effects onvisibility and, e.g., the health of plant

communi ti es and hunman bei ngs.



d) While consistent with the conceptual framework devel oped here,
the research in this report concentrated upon enpirical estimtion
of the rel ationshi ps expressed in equations (1), (2), (3), and (5),
that is, the rel ationshi ps between changes i n at nospheric resource
attributes (i.e., various relevant measures of ambient quality) and

the value of visibility services provided.

The estinmation of the rel ati onshi ps expressed i n equation (4)--
i.e., the relationships between natural atnospheric conditions,
ant hr opogeni c emi ssions and anbient air quality--will not be a
primary focus of the research proposed herein. However, the re-
search is designed to be conmpatible with estimtes of the (4)

rel ati onships, which are provided by ANL. In this way, the re-
search nmakes a maj or contribution to the understanding of rel a-
tionshi ps bet ween at nospheri ¢ em ssi ons, anmbi ent air quality and
t he economni ¢ val ue of changes i n atnospheric visibility inthe

eastern United States.

e) The particul ar atnospheric visibility services which are
foci of the proposed research are: (1) Those which contribute to
t he satisfactions enjoyed by owners and occupants of urban and
subur ban resi dential property; (2) those which contribute to the

sati sfactions of recreationists in urban, nountain, and coast al



environnments; and (3) those which influence the safety of users of
ground and air transportation services (given the hypothesis that
at nospheric visibility influences the flowof traffic and the

frequency of accidents).

Ext ended Fr amewor k

Inthis section we expand upon the conceptual framework
by further devel oping the rel ati onshi ps between at nospheric visibility ser-
vices and utility [equation (5)] and the val ue of service flows [equation
(2)].

There i s now general agreenent that the change in consuners' surplus
is the proper neasure of the econonic value of a change in the | evel of
provision of a good, service, or anenity [Currie, Mirphy and Schnmitz; Dwyer,
et al.; Harberger; Hicks, 1940-41; Hicks, 1943; Hi cks, 1945-46; M shan,
1947-48; M shan, 1976; M shan, May 1976; Randall and Stoll; WIlig].

The conceptual framework presented bel ow provi des a general basis for
estimting changes in consunmers' surplus resulting fromchanges in the
provi sion of goods, services and amenities--in this case, those associated
with at nospheric visibility--including the marketed and the non-narket ed,
the divisible and the indivisible, and the exclusive and the non-excl usive
[ Brookshire, Randall and Stoll]. Consider Figure 1. The originis at ‘:’0, Q).
whi ch represents the consuner's initial holdings of the atnospheric visibility
service in question, Q and "incone" (or, nore precisely, the "all other

goods" nuneraire). As one noves to the right on the horizontal axis, the

quantity of Qincreases; as one noves to the left, Q decreases. As one



moves upward, on the vertical axis, "incone" decreases; as one noves down-
ward, "income" increases. The total value curve, or willingness to pay

curve, passes fromthe [ ower | eft quadrant through the origin and into the
upper right quadrant. For an increment in the service from Q0 to Q+, t he

0

individual is willing to pay the anount Y~ - Y, which is a positive anmount.

After having paid his willingness to pay (WIP) and receiving the increnent
Q+ - QO, the individual is exactly as well off as he was at the origin.
For a decrenent in the | evel of provision of the service to Q, the indi-

vidual is willing to pay the anount YO

- and, hating paid that amount
and recei ved the decrenent, is exactly as well off as he was at the origin.
Cbserve that Y is greater than YO. Thus, the individual's WIP for the
decrement is a negative nunber. In other words, the individual is wlling
to accept (WIA) some positive anpunt of additional income, along with the
decrenent in the level of provision of the service.

The total val ue curve neasures the net change i n consuner surpl us
resulting fromincrements or decrenents in the |l evel of provisionto the
i ndi vidual of the service in question. |f the service is unpriced, the
change in consumers' surplus is exactly equal to the value of the incre-
ment or decrenent [Brookshire, Randall, and Stoll].

Thi s val ue nodel is applicable to goods and services which are un-
priced, divisible or indivisiblein consunption, and | unpy in production
bei ng avai l abl e only in quantities Q, QO, and Q+. If the good in question
was divisible in consunption, infinitesimally divisible in production, and
available ininfinitely large, frictionless markets at a conpetitive price,

the total value curve could be replaced with the broken price |ine (which
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is tangent to the total value curve at the origin). In such a case, the
absol ute val ue of WIP for an i ncrenent woul d be exactly equal to the abso-
lute value of WIA for an equal sized decrement, and both are equal to P«AQ
(i.e., the unit price multiplied by the quantity change). (Observe that, in
cases where the total value curve (rather than the price line) is relevant,
WP for anincrenent in Qis snaller in absolute value than WTAfor a simlar
sized decrenment. Theoretical anal yses have devel oped fornul ae for the
enpirical estination of the difference in absol ute val ue between WIP and WA
inthis circunmstance [Randall and Stoll; WIlig].

The above conceptual framework is entirely general, and devel ops the
rel ati onshi ps between consumer surplus, WP (and WIA, the counterpart of WP
in the case of decrenents in the good), and market price. Were sone de-

finabl e population, e.g., the residents of a given comunity or the users of

a given recreation site, experience the same increnent or decrenment inthe

availability, the aggregate val ue of the change, in benefit-cost terns,

is equal to the sumof the individiual values [Bradford, Dwer et al.].
The val ue of increnents or decrenents in atnospheric visibility ser-

vices (the Vi of equation 2) were estimated, using various techniques,

£
but al ways i n a manner consi stent with the above conceptual framework. In
t hose cases where conpetitive markets exist for atnospheric visibility
services, market observations were analyzed in order to permt esti-
mation of the value (i.e., price) of visibility services. Were at-

nospheric visibility services are not directly narketed, two genera

cl asses of analytical techniques for value estimation are avail able.
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a) Hedonic methods utilize observations frommarkets in goods or ser-
vi ces which bear some relationshipto visibility services (e.g. arejointly
consumed with visibility services, or are produced in processes which re-
quire visibility services as inputs) inorder to estimate inplicit prices
or values for visibility services. This class of techniques includes the
[ and val ue net hod of val ui ng environmental anenities [Abel son; Anderson and
Cracker; Brown and Pol | akowski ; Mal er]; the hedoni c and househol d producti on
function met hods [ Deyak and Smith; Miel | bauer; Pol |l ak and Wacht er; Rosen],
whi ch have been applied to valuation of a wide variety of non-market goods
i ncludi ng human health and safety; and the travel cost nethod which has been
wi dely appliedin the econoni ¢ val uation of outdoor recreation anenities

[Brown, Singh, add Castle; Cesario and Knetsch; C awson and Knet sch; Gum
and Martin; Knetsch].

b) Contingent val uation (CV) nethods approach the val uati on of non-market
goods directly by creating hypothetical nmarkets and treating t he deci si ons
of respondents or experinental subjects using these hypothetical markets
as val ues which exist, contingent on the existence of hypothetical markets
[ Brookshire, Ives and Schul tze; Bi shop and Heberl ei n; Brookshire, Randall
and Stol | ; Davis; Hanmack and Brown; Randal |, |ves and Eastman; Randal |

et al.; Smith].
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Overvi ew

To estinate the change i n aggregate consunmer's surplus resulting
fromchanges i n average or typical visibility situations were identified
that are affected by changes in the | evel of services rendered by visi-
bility. A major considerationinthe research design was to include situ-
ations where visibility effects are likely to be nbst pronounced where
they are likely to have significant influence on benefits due to the num
bers of people or the value of property affected. Wth situations identi-
fied, an appropriate val uati on nmethod was sel ected and t he change i n con-
sumer's surplus estimated. Table 1 presents the results of such an identi-
fication process for Chicago. Examining Table 1, the first colum gives
a taxonony of situations that are, to a greater or |esser extent, hypothe-
sized as being affected by the level of visibility. Colums adjacent to
the first in Table 1 natch at | east one val uati on techni que to each cate-
gory of identified situations. Werever possible, nore than one approach
is mtched to a situation so that valuation results may be replicated and
conpared. Both the taxonony of situations and al so the data required for
the val uation of effects are discussed.

Usi ng the contingent nethod, visibility levels for a given situation
were described in both narrative and photographs. By carefully structured
questioning, an individual's valuation of a given increment of visibility
was then elicited. The nethod was contingent because val uations were con-
tingent upon an individual's behavior in a hypothetical choice situation

The contingent nmethod was adninistered directly to individuals. The



Table 1. Situations Affected by Visibility and

Methods of Valuation for Chicago

SITUATION VALUATION METHOD
Contingent Revealed
Hedonic Demand Cost of Inputs
Aesthetic or View Related
A. Urban Visibility Services X
1. Residential
a. Lakeshore residences X X
b. Non-Lakeshore city X X
c. Metropolitan suburbs X
2. Non-Residential
a. Workplace
i. Loop area (First National X X
Bld., Stan. Oil Bld., etc.)
ii. City, non-loop (Oakbrook) x X

£1-¥v



Table 1, continued

SITUATION VALUATION METHOD
Contingent Revealed
Hedonic  Demand Cost of Inputs
b. Commuting and other intra-
urban travel
i. Expressways (Kennedy, X
Eisenhower, etc.)
ii. Bridges (Chicago Skyway) X
c. Recreation
i. View Primary
a. Hancock Tower x (Consent) X
bh. Sears Tower X
ii. View Secondary
a. Spectator Activities X

h. Participatory Activities X

iil. Substitutes

71V



Table 1, continued

SITUATION VALUATION METHOD
Contingent Revealed
Hedonic  Dernand Cost of inputs
B. Rural Visibility Services X
1. Residential X
a. Michigan City, Indiana
2. Recreation X X

b. Indiana Dunes State Park

I1. Non-View Related
A. Effect on Traffic Flows
1. General Aviation
a. Delays
b. Cancellations
2. Commercial Aviation

a. Delays

b. Cancellations

€1-v



Table 1, continued

SITUATION VALUATION METHOD

Contingent Revealed

Hedonic  Demand  Cost of Inputs

B. Safety Related
1. Air Traffic X
a. Single plane accidents
b. Multi-plane accidents
c. Near-misses
2. Ground Traffic X

a. Highway accidents and collisons

I1l1. Option and Existence Value of Visibility X
A. National Landmarks
1. Washington Monument
2. Statue of Liberty

3. National Parks

81-v
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reveal ed behavior nethods relied upon an individual's actual behavior

for evidence in valuation. Because actual behavior may be only indirectly
related to visibility, revealed behavior approaches confronted both conceptua
and statistical difficulties on application. O the reveal ed behavior

met hods, the hedonic technique values visibility as a characteristic

of property. Property values as well as supplenentary information on
housi ng and view characteristics were required for valuation. The demand
met hod nmeasured the effect of visibility on demand for acti-

vities such as outdoor recreation. To apply the demand nethod, only
secondary data on attendance was required in nost cases considered bel ow.
inally, the opportunity cost-of-inputs method was applied to situations

or events that occur only sporadically and thus did not generate suf-
ficient data for any of the other techniques.

Examining Table 1 once again, the broadest distinction of the types
of situations affected by visibility is between those situations in which
visibility affects aesthetic appreciation and those situations where the
effect is not directly aesthetic. The aesthetic or viewrelated effect was
further distinguished by demographic area: Dby urban and non-urban or rura
visibility services. Using the contingent valuation technique, both urban
and rural visibility services were valued directly by observing residents
in both urban and rural areas. In the Chicago area, urban visibility ser-
vices were valued directly. Three strata correspond to the three divisions
under residential urban visibility services: |akeshore residents, non-
| akeshore city residents, and residents of the metropolitan suburbs. The

approach had three purposes. First, using a set of photographs and
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the contingent technique, a valuation of visibility increments over the en-
tire urban area was elicited. This first valuation was for urban visi-
bility services as a whole. Second, the CV instrument elicited
information on housing and view characteristics. This information was
required for the hedonic approach to valuation. Third, the CV instrunent
inquired about recreational activities. Such participation
data were essential to population estimates for the non-residential ef-
fects of urban visibility services and their aggregation

The third major effect of visibility within the metropolitan area
Is on urban recreation. Two types of affected recreation activities can
be distinguished. The first is recreation that focuses on the enjoynent
of specific views. The second is recreation in which a view and associ ated
visibility level are only secondary, used nainly as a background. Wthin
Chicago, the two major view prinary sites are Hancock Tower (oservatory and
the Sears Tower Skydeck Chservatory. Each of these locations offers
views of Chicago at various levels of visibility to approximately one ml-
lion visitors a year. Hancock Tower cooperated with our demand approach
to valuation by sharing attendance records. Attendance records were anal yzed
along with airport visibility and weather data to determne the effect
of visibility on visitations. Finally, a contingent valuation of visi-
bility was conducted at the Hancock Tower. To elicit a valuation
of increments or decrements of visibility at the Hancock Tower, a specia
CV instrument was constructed for those who visit the Tower.

Valuation of the effect of visibility on the enjoyment of spectator

sports was nade by the demand nethod. Fist, attendance data was regressed
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on weat her, vishility, and other secondary data to deternine the effect

of visibility. The effect of visibility was shown to be significant in
prelimnary anal ysis and a nore conpl et e denand nodel was specified

for the valuation of its effect. This nore conpl ete demand nodel incl uded
equations for |ocal substitutes to outdoor recreation, such as museum

and aquarium att endance.

The non-aesthetic effect of visibility on general aviation and hi ghway
accidents were al so exanined for the Chicago area. These are di scussed
in the chapter on secondary data anal ysis.

To extend the val uation of visibility beyond the Chicago regi on and
thus permt a benefit estimate for the eastern United States as a whol e
avaluation of visibility services were made for six other popul ation
areas. The sane basic approach used for the Chicago area al so was used
for these six additional population areas. That is, both contingent and
reveal ed behavi or met hods were applied to value the effect of visibility in
each of the situations outlined in Table 2. The six additional popul ation
areas chosen for investigation were selected on the basis of experience
regarding the prevailing visibility conditions over different zones
within the eastern United States, and the requirenents of a systematic
aggregation procedure.

Sel ection of the areas entailed references to nedian
yearly visibility . Over the eastern United States
there exist several distinct visibility zones. Except for the M ssissippi

delta area and the Ohio River basin, median visibility fromthe Appal achian
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Mountains to the plains states is approxi mted by that of Chicago.

By sanpling fromurban and rural areas near Cincinnati, for exanple,
information was obtained regarding the value of visibility for an in-

| and area of generally poor visibility. By sampling fromurban and rural
areas in and near Boston, information was obtained regarding the value of
visibility for a coastal area of generally good visibility. A sanple
fromthe area of Atlanta provided information regarding the value of visi-
bility by residents of a median range visibility zone for an inland

city of the south.



A-21

Benefits as Measured i n Housi ng Markets

Housi ng markets can yi el d useful information about the

demand for goods such as clean air and visibility which are not traded
intheir own explicit nmarkets. Analysis of markets, whether they be explicit
or implicit, has great appeal relative to non-market benefit neasures because
it is based on observabl e behavi or where preferences are reveal ed t hrough
sonme nonetary expenditure rather than through an i magi nary response to a
hypot heti cal situation. Nonethel ess, since the Ridker and Henning (1967)
and Anderson and Cracker (1971) studies of residential property val ues and
air pollution doubt has arisen as to exactly what information is contained
in aregression of property values on characteristics of housing, i.e., a
hedoni c regression. Ml er (1977) points out the val ue of any estinates
based on anal ysis of property values is |imted by potential nmal functions
i n the housing market which m ght be caused by | ack of information about
the costs of air pollution, in particular, or all factors which cause the
market to be in a state which differs fromequilibriumattained under idea
conditions of zero information, transactions and adjustment costs, in
general. Such criticismdepicts the trade-off inherent inthe alternative
net hods of benefit estinmation, market and non-narket, and suggests the im
portance of using themas conplenentary inputs into benefit estimation
Whil e criticismof housing market studies remins, considerable pro-
gress has been made. Due largely to contributions by Freenman (1971) and
Rosen (1974), it is clear that a hedonic regression does not yield a use-
ful measure of benefits--at least directly. Rosen's conceptual framework
for analysis of inplicit markets shows that a hedonic regressionis a mar-
ket clearing functionyielding only hedonic prices which then must be used

along with other determnants of demand to estimate the demand for traits
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implicitly traded in the housing market.

Usi ng Rosen's approach housing is viewed as a package of traits made
up of both structural characteristics and nei ghborhood anmenities. House-
hol ds respond to the configuration of traits in additiontothe traits them
selves since the traits are not easily repackaged. Since househol ds de-
mand housi ng, not | and, they consider various structures in various neigh-
bodhoods and choose housi ng packages whi ch nust suit them As such, house-

hold utility depends on housi ng, market goods and tasts or
(1) U=Uz Xx T

where Uis household utility, Zis a vector of housing traits, Xis a vec-
tor of market goods and T is a vector of taste variables. Household utility

mexi m zation is constrained by t he avai |l abl e noney i ncone:
(2) I =X+ P(Z 1,U7

where | is househol d nmoney income, Xis the numeraire, and P(Z: I,UT) is

t he househol d' s total val uation of housing traits which depends on the
housing traits, income, utility level and tasts, respectively. The valua-
tion function gives anindifference map depicting the willingness of the
househol d to trade of f units of market goods, X, for incremental additions
of any housing trait, Z, given incone, utility and tastes. As Rosen shows
the val uation function has the properties that it is increasing at a de-
creasing rate with trait consunption, i.e., 3P/3Z > 0 and 3%p/3z? < 0, and
that the ratio of marginal valuations of traits equals the ratio of margina

utilities of traits for each pair of traits, i.e., Pi/Pj = Ui/Uj wher e ﬂ

is the marginal valuation of trait i and q is the marginal utility of trait

i, etc.
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The househol d faces a market equilibriumprice function, P, which
i ndi cates the amount of narket goods whi ch much be paid for additiona
housing traits. |f consumers have approxi mately zero market wei ghts and
the market clearing price function is exogenous to the household this price

function for packages of housing traits is:
(3) P=P(2)

where Pis the price of the factor of traits, Z.  The partial derivative of
the market price function with respect toatrait, ﬂ, gives the equili-
bri um margi nal price of Zi which is often called the hedonic or inplicit
price.

G ven that househol ds maxim ze utility inaway sinmlar tothat when
they face a |inear budget constraint, the first order conditions yield de-
mand function for housing sitetraits:

d _ .d
(4 25 =23, R P LT

where the quantity denmanded of trait i depends on its own narginal price,
Pi’ the margi nal prices of conplenentary and substitute traits, ﬁfor J =1,

, nand J #i, household inconme and tastes.

To estimate the demand for visibility, or clean air, we first estinate
the price of clean air. The priceis inplicit in the hedonic regressionin
that isis the partial derivative of housing price with respect to clean
air. |If the true functional formof the hedonic regression is nonlinear,
then the marginal price of clean air will vary across sites. Second, we
use price of clean air along with the prices of conplements and substitutes
i ncone and taste variables as well as whatever else is necessary to identify

demand to estinmate the demand for clean air in the usual nanner
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Recent enpirical studies demonstrate that the theoretically-preferred
approach is feasible and that it does yield benefit estinmates which differ
fromthose based only on the hedonic regression, Harrison and Rubinfeld
(1978), Nelson (1978), Brookshire et. al. (1979), and Bender et. al.
(forthconming) all estimate the demand for clean air applying Rosen's nodel.
Li nneman (1977), Bl omgui st and Wrley (1978) and Wtte et. al. (1979) es-
timate the demands for housing traits other than clean air. Apattern
whi ch emerges is that the estimates froma hedonic - demand, i.e., two-
step, approach differs fromthe sinple hedonic estimates. Harrison and
Rubi nfeld find that the sinple |inear hedonic overestimates the benefits of
cl eaner air by approxinmately 42%while Brookshire et. al. find the linear
hedoni ¢ overestimates the benefits by approximately 1594. Bender et. al.
also find that linear hedonic is quite msleading, but, incontrast, it
underestimtes the benefits by approxi mately 60% Bl onmgui st and Worl ey
find that the |inear hedoni c overestimates benefits for some housing traits
and underestimtes benefits for others. Wile each of the four studies in-
dicates the superiority of a Rosen approach, the last two enphasize the im
portance of a systematic search for the best functional formof the hedonic
equation, e.g., using a Box-Cox maximumlikelihood procedure for searching
transformations of variables in the hedonic equation. These recent contri-
butions were carefully consideredin our estimation of the demand for
visibility.

Qur estimates of benefits of greater visibility nore fully exploit
t he gai ns of the Rosen procedure by paying particular attentionto the es-
timation of total social benefits fromthe demand equations. Previous bene-
fit estinmates have been made by sinply nmultiplying the benefit for the
typi cal household tinmes the nunber of househol ds benefiting fromthe i m

provenent. This estimationis appropriate for marginal or nonmargi nal changes
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for the typical househol ds. However, this does not yield true benefits

for all if those consum ng sone amount ot her than the average (typical)
anount of clean air (or any other trait) do not have demands synetrically
di stributed about the demand for the typical househol d. For exanple,

those with higher incomes will value the cleaner air nore than those with
average i ncone and those with [ ower incomes will value the cleaner air

| ess than those with average incomes. The val ues of higher income house-
hol ds are unbounded, but those of | ower i ncome househol ds are bounded be-
lowby zero. Inthis case, sinple aggregation canlead to an overestimte
of total benefits. Harrison and Rubinfeld do consider three incone sub-
groups and find that indeed the total benefits are | ess than those esti mated
by sinple aggregation based on average i ncone. W used distribu-

tions of demand shifters, such as income, representative of the eastern
portion of the United States to aggregate househol d benefits. This not on-
l'y includes the val uations of these househol ds not observed at the nargin
consuning the average anount of clean air, but adjusts for any differenes

bet ween particul ar areas studies and the entire region
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A. 2 ATMOSPHERI C VI SI BI LI TY AND CONTI NGENT VALUATI ON EXERCI SES

A decade has passed since the initiation of the research which provided
the data base for the first contingent valuation study of aesthetic aspects
of air quality to gain respectability anong econonists (Randall, |ves and
Eastman). In that time, the theoretical basis of contingent val uation has
been clarified (see Brookshire, Randall and Stoll for an exposition of
current theory, and Randall, 1980 manuscript, for the theoretical relation-
shi p between contingent valuation total cost, property val ue, narkets
in substitutes, and hedonic methods of val uation); contingent val uation for-
mat s have been classified, codified, and accepted for use in benefit cost
anal ysis of federal water projects (U S. Water Resources Council); and a
growi ng nunber of studies applying various contingent valuation formats to
a wide variety of nonmarketed goods have been conpl eted and publi shed.

Conti ngent val uation (CV) net hods have al ways encount ered sonme skep-
ticismfromecononists, since the basic data used are not generated by
actual transactions in near-perfect markets. Neverthel ess, opposition to
t he use of such techni ques--or, perhaps, tothe attribution of respectability
to them-has noticeably softened in recent years (see, e.g., Freeman).
Skeptici smseens to have been underm ned by several devel opnents: the
above-nentioned work in devel opi ng the theoretical relationship between

consuners’ surplus concepts, non-exclusive and nonrival goods, and conti ngent
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val uation methods; the fairly precise replication of earlier CVresults
inlater exercises (Rowe, d' Arge and Brookshire); and the fairly genera
finding of simlar results when CV nmethods are conpared with travel cost
(Knet sch and Davi s) and property val ues (Brookshire, d' Arge, Schul es and
Thayer) net hods.

Neverthel ess, sonme doubts remain. (1) The generally accepted theory
of "public goods" (Sanuel son) indicates scope for strategic behavior, in
whi ch individuals avoid revealing their true val uations of such goods in
order to maximze their surplus, i.e., the difference between the val ue they
enjoy and the contribution they make. For sone econom sts, the scope for
such behavior is prim facie evidence of its preval ence; hence, a genera
refusal to take seriously the results of any CV nethod which fails to elim-
nate that scope. The search for "incentive conpatibl e denmand-revealing
mechani sns" is in part a response to the "scope proves preval ence" argu-
ment. For others, the preval ence of such behavior is much nore probl ematical :
while no country seens to rely on voluntary taxation, many "public goods"
are, infact, voluntarily provided in substantial (but not necessarily
efficient) quantities. Smith assenbl es i npressive experinental evidence that,
at least in the kinds of circunstances he and others he cites have studied,
strategi c behavior is sinply not a significant influence on aggregate val uations.

(2) In an interesting recent experinent, Bishop and Heberlein created
an experinmental market in which they actually purchased goose hunting per-
mts frompernmttees, effectively establishingin real transactions the WA of
hunters to forego the hunting season. In a mail survey conducted at about
the same time, WP for hunting pernmits was established via single (i.e. non-

iterative) questions asking respondents to nomi nate a dollar anount which
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represents their maximum WIP. It turned out that WA established in actua
transactions was about three times WP generated in the survey, a difference
far greater than can be explained by incone effects (Randall and Stoll

1980a and b) . There are good reasons to suspect the Bishop-

Heberl ein WIA experinment of upward bias, while their WP survey used a format
which | consider inferior to the iterative bidding routine (Randall, 1980
manuscripts). Neverthel ess, the various possible biases are probably not suffi-

cient to account for all of the observed differences. Tentatively, it can be

concl uded that WIP surveys such as that conducted by Bishop and Heberlein
may typically generate understimates of the “true” value of the good con-
cerned. The tenptation to overstate the WIP knowing that one is unlikely
to be forced to actually pay the stated amount (the “strategic bias” nost
commonly attributed by economists to this kind of CV exercise) seens to be
more than counterbal anced by a tendency to respond ultra-conservatively to
the suggestion that one may be expected to pay for goods which are customarily
non-marketed (or to pay substantially more for goods which are custonarily
underpriced by public institutions). The conclusions stated imediately
above are tentative; a firmer conclusion is that the Bishop-Heberlein
experiment raises, in a dramatic way, Some serious questions about the
quality of data generated in direct question CV exercises.

(3) Those researchers who have attenpted to estimate statistical re-
| ationshi ps which use various econonmic, social and denographic variables
to explain the individual WP bids generated in CV exercises have typically
been di sappointed by the results (Cicchetti and Smth; Eastman, Hoffer and
Randal | ; Brookshire, d' Arge, Schul ze and Thayer). The recent work by the
University of Chicago and the University of Woning teans in this and a

closely related study has encountered simlar frustrations.
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Wil e there is abundant and convincing evidence that individual WP
bids are not nerely random nunbers, researchers have not been notably suc-
cessful in finding relationships between individual bids and variables de-
scribing the individual’s economc, social and denmographic condition,

In estimated equations, the adjusted F@ is often low and few

variables are related to individual bid in a statistically significant way.
Sonetimes, even the relationship between individual bid and individual in-
come is not significant. These kinds of results are unsettling to those who
believe that, if individual bids are in fact "good" econom c data, they
should be related in systematic ways to the kinds of variables are related
to individual bid in a statistically significant way. Sonetines, even the
rel ationship between individual bid and individual incone is not significant.
These kinds of results are unsettling to those who believe that, if indi-
vidual bids are in fact "good" economic data, they should be related in
systematic ways to the kinds of variables which often successfully explain
demand and/or value data for marketed goods.

This issue has several vantage points.

(a) Perhaps it is unreasonable to expect to be able to obtain strong
statistical relationships, using individual observations obtained from snal
sanples. After all, nost demand studies use observations of broad aggregates
(time series of aggregate sales and/or cross-sections of total sales by
state, SMSA, etc.). Surely, the explanation of individual variables is

a task of quite a different order

It has been observed that demand anal yses using individual data gen-
erated from panel studies have generally yielded nore robust statistica

rel ationships than have WP exercises. But, these studies typically
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use nuch larger panels than nmost WP survey sanples, and (2) they typically
deal with fairly broad categories of regularly purchased foods (e.g. “food”
or “meat”) whereas WP studies often deal with highly specific goods
(atmospheric visibility at some specific place, elk hunting in a particular
kind of terrain in a given state or sub-state region)

Brookshire, Randall and Stoll report obtaining considerably nore
robust equations--not merely higher R% but also highly significant incone
rel ationshi ps--when they grouped their sanple of 58 respondents into
4 classes, according to household incone, prior to the analysis. This
procedure suppresses within-group variation (presumably dininishing the in-
fluence of a few “extrenme” observations in a small sanple). Statistically, the
apparently inproved estimtes and |ower nean square error were obtained at
the cost of higher principal diagonal (X'X)-l. Thus, their procedure may

not necessarily be viewed as attractive

(b) Perhaps WIP vids, viewed as cardinal indicators of dollar valuations
are not especially reliable. Different individuals probably perceive
the offered good (e.g., a given increment in atnospheric visibility)
differently. On this front, progress has been nade (as Freeman acknow edged)
via the use of standardized photographs and devices to inprove unifornity
of perception. Nevertheless, problens remain. In the case of atnospheric
visibility, no anount of effort in standardizing the verbal and visual
information provided to respondents can overcome different perceptions

due to individual differences in visual acuity.
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A.3 AN EARLY CONTI NGENT VALUATI ON EXERCI SE

Pretest: Chicago Residents

In order to pretest the basic instrument for subsequent contingent

val uation exercises and to explicitly field test certain innovations in

CV.

bur bs.

instrument design, a C. V. exercise was conducted in Chicago and sur-

Si xty-ei ght househol ds participated. After rejecting 15 observa-

tions (apparent enunerator bias), 2 (outliers) and 8 (self-identified pro-

t est

bi ds) all subsequent anal yses were based on 43 observations.
The basic instrument tested included the follow ng el enents:

_questions designed to test the efficacy of color photographs in

in representing visibility levels

alternative nmethods of defining and representing visibility |evels.
a listing of activities in which the household participates.
questions exploring whether visibility conditions influence choice
of activities and, if so, in what ways.

questions to determ ne whether the household owned certain equip-
ment used in producing activities for which visibility is an input.

WP questions

foll owup questions to identify protest bidders and obtain partici-
pant's eval uation of the C V. exercise.
home ownership v s. rental

view quality at the hone.
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-expected period of residence in Chicago SMSA(i.e., short-term
, through retirenent).
- denographic infornation
-questions to probe the notions of life cycle consunption, per-
manent income, and narginal wage-cost of leisure-tine.
Al of these elements were serious candidates for inclusion in sub-
sequent C. V. work.,
Four kinds of innovations in C V. instrument design were explicitly

t ested:

a). WP |nstrunment

Earlier C.V. work under this project and published
research suggested that the iterative bidding format is nore effective
than single question formats which ask the participant to sinply state
his/her WIP or to select froman array of nunbers that which best repre-
sents WP.

Recent work at Resources for the Future (Mtchell and Carson, draft
report) used a payment card, on which typical household annual costs--$ in
taxes and higher prices -- for various public programs were stated. Parti-
cipants were asked to exanine the data provided and then state their WP for
i nprovenents in water quality. Mtchell (personal comunication, and draft
report) reports that he considers the payment card devi ce sucessful

For the pretest, we developed a "modified paynent card and rebid" format.
The paynent card was nodified to include typical expenditures for both public

programs and private goods. About ten minutes after the payment card was used
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to obtain WIP, the participant was asked “if the programto inprove visi-
bility actually cost (stated WIP plus $25), would you accept or reject the
progran?" This question was re-iterated with sucessively higher cost anounts
until a "reject" response was given,

The two WIP instrunents tested were:

-iterative bidding ($/ nonth)

-nodi fied paynment card and re-bid ($ annual ly).

On an annual basis, the predicted househol d bid was $109 higher with
the "nodified paynent card and re-bid" device than with the iterative nonthly
bid (Table 1, nodel 1). Only about $20 of the difference was attributable
to the re-bid. It was notable that "zero" bids were much | ess frequent with
the "nodified payment card and re-bid" device - 7%of all bids as opposed to
39 percent with the iterative bid (Table 2). This explains nuch of the dif-
ference in predicted househol d bids.

hy . Definition of Visibility Levels

Previ ous work has used col or photographs depicting various visibility
level s, and defined visibility programs as inproving typical visibility from
e.g., the level shown in photo set Dto, e.g., the level shown in photo set A
The notion of typical visibility is easy to communicate, but may be an overly
simplistic specification of visibility.

Wthin any year, emssions and background visibility exhibit considerable

day-to-day and week-to-week variability. Thus, the relative frequency of good,

moderate and poor visibility days may be a nore realistic way to specify visi-
bility conditions. A programto inprove visibility would increase the relative
frequency of good visibility days while reducing that of poor days.

The worst visibility days tend to come clustered together, as anbient pol-
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lutants accunul ate during periods of air stagnation. Conceptualized in these
terns, a programto inprove visibility would reduce the length of the |ongest

run of consecutive poor visibility days in a typical year.

The pretest was designed to examane the effectiveness of these alternative
ways of communicating visibility conditions. Three specifications of visi-
bility inmproving prograns were used:

-typical visibility would be inproved fromlevel B (about 12 mles) to

| evel C (about 30 miles): VISTYP
-the frequency of various visibility levels would change from 30 percent
A (about 4 mles, 40 percent B and 30 percent C to 10 percent A, 30 percent

B and 60 percent C. VI SFREQ

-the length of the longest run of consecutive days like Ain a typica

year would be reduced from 12 days to 4 days: VI SRUN.

The predicted annual household WIP was | ower with VI SFREQ and VI SRUN t han
with VISTYP, but the differences were not statistically significant. VI SRUN
generated a greater proportion of zero bids than VISTYP

These findings suggest that, while all three visibility specifications
seemed to communicate effectively, VISFREQ and VISRUN offered little advan-
tage over VISTYP. Since VISTYP was nore readily related to existing data

series on observed visibility, VISTYP was used in subsequent C. V. work

c). Incone Concepts

It is expected on conceptual grounds that WP bears a positive and signifi-



A- 35

cant relationship to household income. This expectation has been borne out
in previous published reports, although sone small-sanple studies have re-
ported insignificant income coefficients.
In this pretest, we took the opportunity to explore ways to inprove the
specification of income concepts, as follows:
-the notion of standard of living, SOL, which adjusts household incone
for household size to permt conparability of standard of living across

househol ds of varying sizes (Lazear and M chael, Anerican Econonic

Review. 1980)

- permanent income notions, which were inplenented by identifying those
househol ds which had recently experienced significant changes in in-
come level, and those which expected to experience such changes within
the next five years.

-the notion that for some |ife-cycle stages annual consunption is nore
representative of standard of living than annual income. For exanple
some househol ds of retired persons may consistently dissave or disinvest
in order to maintain current consunption

-the marginal wage-cost of leisure-tine, which is an inportant vari-
able when the demand for visibility is nodeled in a household pro-
duction function framework.

No difficulties were encountered in obtaining the necessary data to

specify these various concepts. SCOL proved an effective specification of
househol d I ncome (Table 1). Prelinminary analyses (not presented) suggested

that permmnent income concepts are significant with a larger sanple of

househol ds. The pretest sanple included very few cases of dissaving, thus
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provi ding no opportunity to exam ne the usefulness of this concept in

statistical estimation of bhid equations.

d. Activities
The househol d production function framework conceptualizes visibility
as a non-rival input in the production of activities which provide utility-

gneerating characteristics. To inplenent that franework, it is necessary to

i dentify:

-the activities which househol ds produce,

-the role of visibility in the production of those activities, and

-the purchased inputs, e.g., equipnent, which are used along with

visibility in activity production: ACTEQ

No difficulties were encountered in obtaining data on activities pro-
duced and ACTEQ W were less successful in obtaining data to help specify

the role of visibility in activity production. Enumerators and participants

reported that section of the instrument was tedious. ACTEQ is an inportant

variable in WP equations.

Pretest Result
Predi cted annual household WIP for visibility inprovements in the

Chicago region ranged from $125 (with MB, VISFREO instrunent) to $325

(with a AMPCR VI STYP instrunent)
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A 4 ECONOMCS OF VISIBILITY - AN INPUT APPROACH

Several recent studies have dealt with both the theory and enpirica
results of the issue of the value of visibility. Particularly notewor-
thy are Brookshire et al [1979] and the references cited there, and
Rowe et al [1980] and the references cited there. Indeed, Brookshire
et al contains a solid theoretical basis for valuing visibility using
the concept of the willingness to pay approach. In this section
we first discuss the consuner surplus-equivalent variation and conpen-
sating variation issues. W then go on to critically evaluate the wl-
lingness to pay approach, arguing that it results in values of both vi-
sibility and vistas, since they are used sinultaneously as inputs in the

production of consumerable service.

The Model

Let's assume the existence of a vista, located at a particular site
in the city. It can be located either offshore on the |ake, or be the
lake itself. W define visibility as the possibility of being able to
see this site. W define a product, imediately consumed by the viewer,
as a function of the site, the conditions which allow it to be viewed,
and personnal inputs. Hence,

Tney = 2640 Wiy

where V1ht is the quantity of viewi ng services obtained per unit of tine

er 20D

at location 1, hour h and tinme t, when viewing site %.. % stands for
site j ad includes its particular characteristics such as its height,
shape, and col ors. V%ht are the viewing conditions at location 1, hour

h and time t. Note that 1 enbodies the height of the observation point,
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distance fromthe site, direction to the site and other characteristics
one of which might be the existence of buildings |located between the
viewer and site j which, by obstructing the view, pushes Vﬁht to zero
The traditional assunptions,

£(0, wlh:’ PI) = £(s, 0, PI) = £(5, W Q) = Q

Ihe’

£,>0, £,<0, £ >0, £,¢ 0

dndy

hold for this production function. As already noted, V is consuned

1ht]j
and produced sinultaneously (the only way to transfer it fromone tine
to another is by using the storage device known as menory which often
has limted capacity). |If stored, the quantity of services retrieved

fromstorage (nenory) declines by a rate of s per unit of tine. Thus,

if retrieved at t, the maxinum of services retrieved are given by the
equation

. ¢~ st=%0)
Vines “

Furthernore, discounting future utility by a rate p, the present value
of producing and inventorying visibility services of quantity vihcc”is

f°U§ef(s*?1:~v dt  whereUy > 0, Ugy < 0.
to

lhty

The above discussion suggests that the particular nature of the
product "viewi ng services" is of the formof a durable with a relativly
long life span (as, for exanple, “I visited the Grand Canyon only once,
but | still renmenber 'every' detail"), although sone night depreciate

rapidly. 1 Al'so, there is still the need for proof (although not by ec-

1This depreciation is frequently supplemented by taking pictures of a
particular site or scene. The “quality” of the picture, as does the
quantity of viewi ng services, depends upon the conditions of visibili-
ty, th (Another supplenent is picture taking by a different individ-
ual, however, this won't be discussed here).
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ononi sts) that wlh: affects the durability of the product, i.e.
s = g(sj, wlh:’ PI)
and again,

g(0, wlh:’ PI) = 3(531 0_: PI) = S(Sjo wlht’ 0) =@

,gl<0, gu> 0, 32<0, 322> e.

Hence, the life tine returns fromthe investnent of tinme and noney in the

production of viewing services is given by

£ - S,, W PI) + pjt
:oruv.e (3¢ y? I.htg’ ) pl .vlhtod:'

The fact that one is in a certain viewing position at a given site j,
implies that some fixed costs have already occured. The tine spent

selecting the visibility conditions and the view ng position character-

istics determ ne V%ht and thus vlhtj' The search for the best spot from

which to view site j is analagous to the purchase of nore inputs in or-

der to increase V (S, is a fixed factor).

3

costs such as tinme and other expenditures

This search clearly involves

The relevant question is

how much is one willing to pay for the marginal increase in W

On WIllingness to Pay and Consuner Surpl us

Frequently, one can not control W One can, however, control Pl

An optinmal Pl at the margin yields its marginal costs. In addition, for

a given Sj, Wand Pl are substitutes (in a two input nodel). At this

stage we |eave the production framework and shift the analysis to a con-

sumer choice model (recall that production and consunption are simulta-

neous).
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Vistas are consunerable goods. W also assunme that they are nor-

mal goods. Thus, if visibility conditions are a non-inferior input
their derived denmand curve is downward sloping (demand for an input, i.e.
their marginal value product). W distinguish between two types of de-
mand curves - both extracted from consumer behavior. One is the regular
Marshal i an demand curve, along which full income is kept constant but
utility is allowed to vary; and the Hi cksian income conpensated denand
curve along which full incone varies but utility is held constant. Us-
ually, this distinction is made for a good that is explicit in the utili-
ty function. W argue legitimacy for the case of visibility given that
the producer is the consumer, i.e. the simultaneity of activities and
identity of quantities both produced and consumed

We apply simlar reasoning in the case of the quantity of visibility
services, W and the price (inplicit) of visibility services, PW Accor -
dingly, in Figure 1, we have drawn three demand curves (following WIlig
[1976]): AA is the Marshallian curve, BB is the income conpensated demand
curve at utility level U0, and CCis sinply BB for a different utility
| evel , Ul, such t hat U1 > U0 (see al so Appendix A). Let M denote nobney
incone. Then in Figure 1, the area Pplac is the conventional measure
of consumer surplus, A POPlbc neasures the conpensation variation, C,
for LKPO, NP) ; and, POPlad neasures the equivalent variation, E for
U(Pl, NP). Again following WIlig, we assume Wto be a non-inferior pur-
chased input, such that the inequality, C 2A32E, holds. Hence, if a
mar ket for Wexisted, and prices varied between ﬁ) and Pl, changes in con-

suner surplus can be calculated. The nore pertinent issue, however, is

how to handl e non-market inputs. In addition to being a public good, the

quantity of viewing services, not price, is fixed exogenously for a given pro-
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Figure 1

Figure 2
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ducer. Furthernore, these quantities may be noncontinuous. In the
following section the traditional consumer surplus equivalent variation
and conpensation variation concepts are applied to exogenous changes of
the quantity. If one could find the price (shadow price) the consuner
would be willing to pay per unit of visibility directly (whether by
questionnaire or by market observations), then the consumer surplus
coul d be approxi mated. However, this approach is usually not feasible
and one has to resort to other nethods. (I'n the last section, we dis-
cuss, with sone skepticism the success of the presumably correct wil-
lingness to pay nethod).

BB in Figure 2 is a derived demand curve. \Wen the quantity of visibility
services, given free of charge, increases from \/\9 to W the area under
the curve increases by V\Paldlwl, which is the nmeasure of the equiva-
lent variation, E, at the utility level represnted by BB,

oW, ¥, t.e. oo, @ - B = vw?, ¥O).

Simlarly, for the CC demand curve, the area \/\P’1 1\I\Il, is the conpensa-
tion variation for the CC curve, such that,

oo, 10, t.e. vor, 1) = o, ¥+ o).

It is easy to show that the area under the Marshallian demand curve be-
neen V\? and V\} is alclv&, and

Woaldlﬁl < Woalclwl < Woblclwl.

For BB parallel to CC, and for AA, BB and CC linear, the convention-
al consumer surplus is the average of the above defined conpensating
and equival ent variations.
Anot her interesting conparison is between the followi ng pairs:
?oa.llez and wqaldlwl
Poe c]?l and woblc:LJl
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?0;1c1?1 and Woalclwl.
The paired relations have a conmmon triangular shape (the first is faldl).
Thus, the difference (using the BB incone conpensated curve) is CPOaIMP m nus
oP Zdlw}, which in conventional demand ternms is POCP- Plcg. This difference

depends upon the demand el asticity:
P90 - 213 0 asn ¥ 1.

Hence, the approximation of consuner surplus by the ares under the incone
conpensated demand curve, BB, better approximates the equivalent variation
measure of consumer surplus the closer is its elasticity to 1. The CC
curve is of about the same elasticity as the BB curve. However, for nornal
goods the Marshallian curve, AA is definitly nore elastic. Thus, the fow
| owi ng cases are noted; the difference for the Marshallian curve is the
sane or |lower when the elasticity of BB and CC is less than unity while it
is higher when the elasticity is above unity. If we assume that the pol-
icy maker is interested in the welfare inplications of changing the quan-
tity of visibility services (e.g. by inproving air quality), he may regard
the willingness to pay, defined by the Mirshallian consumer surplus, as an
approximation to true consuner surplus (conmpensating or equivalent varia-

tion).

The Demand for Visibility Services

If Wis determned exogenously then its marginal product times the
marginal utility of the vista's services (MP x MJ) is its shadow price
If Wis endogenous, its quantity is determned by equating its marginal

costs with the product MP x MJ, (MJP)

As conventially noted, at equilibrium along the demand for W the
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consunmer surplus is the rent to the fixed factor - the existing site j.
For a given demand for viewing conditions, the |ower the marginal cost of
visibility services, the nore view ng conditions are purchased (e.g. tra-
vel until you find the “right” angle to view the rock). The rock’s rent,
then, is also larger. Hence the point of maximm wllingness to pay for
visibility, will be determined by the specific site. The maxi mum sum
that a consumer is willing to pay for a particular site is the consuner
surplus.  The maxi mum anount the consumer is willing to pay for an addi-
tional unit of viewing conditions, W is its marginal utility value,

[f visibility conditions inprove fromV\SJ to V\} in a given site, the

area o qo (Figure 3) increases by WOBB]'W]',

Al
?V Figure 3
: 2
MuP 3
B
Bl
Q

R %

and declines by V\%BZBVQ when conditions are worsened. The size of area
OABV\?J is unknown. If one suggests an inprovenent in visibility fromV\?
to V% then the anount the consumer is willing to pay for the inproved
visibility is OABle‘, Ml; if a change fromV\?J to V\? i's suggested, the value

is OABZV\?, l\/? I\/fL - M2 = V\?BZBl\/\} = M3 The willingness to pay for visi-

bility conditions at V\? i's approximted by MO’IZ.
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Concl usi ons
The visibility valuations found in previous studies are biased upward
with respect to the narginal value product since they are totals and em

body the rents for the various sites that the interviewee is view ng.

The experinent that we suggest would subtract out these rents. The w llingness
to pay experiments, thenselves, would not change except that each time an
initial V@ will be chosen explicitly. WIlingness to pay is indicated

for different changes fromthe initial VP. In this manner, the proper

M%Z can be calculated. W expect that M%Z will decline as v? is

increased for a given site

In addition, the difference between valuations for increasing and de-
creasing Wought to diverge further as the change between visibility levels
becomes larger. Large changes, however, mght be necessary if the denand
is relatively inelastic. Since this is not apriori known, a conclusion of
no val ue might be reached although the consumer's surplus is large (re-
call the discussion on the relation between the "true" consuner surplus

and the one discussed in the previous section).
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APPENDI X A

The consumer surplus function is the incone conpensation function

denoted by hAVVVQ, MB. The function denotes the |east incone required
by the consuner when no nore than Wunits of visibility are available,
while he is (pronmised) to enjoy the same utility level as at V&, M?
Hence,

g, ¥ + @) = e, ¥

o, o - &) = o@wl, 10
where for the conpensating variation

W@ + ¢ = u@l|wt, %)

and for the equivalent variation

W0 - 2 = uet|wl, 9.
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A.5 ON THE EVALUATION OF THE SOCI AL BENEFI TS
FROM | MPROVI NG VI SI BI LI TY

The follow ng paragraphs contain several thoughts on the eval uation
of the social benefits frominproving visibility. Information on the re-

action of the public to inproved visibility came in two ways. One was via

personal interviews out of which the willingness to pay for inprovenent were
found. The second was the result of analyzing aggregate behavior and parti-
cipation in specific activities (secondary data)

Analysis of willingness to pay data explains differences in
the magni tudes of bids (given the sane "objective" inprovement in visibility)
submtted by different people. The explanatory variables are thus specific
to the individual's socio-economic characteristics. Actually in order to
find the total value of visibility (inmprovenments) to the popul ation of a cer-
tain geographic area the product of the nean bid by the population (or if the
bid is per household by the nunber of households) is a good approximtion for
it. The paranmeters of the bid function are needed for a nore accurate eval ua-
tion, given that either the distribution of the relevant popul ation by the
variables that affect the magnitude of the bid is non-symetric or that the
effects of these variables on the magnitude of the bid are non-linear. The
two issues of non-symmetric distribution and non-linear effects required
ground preparation of sampling a sufficiently large nunber of observations,

a sufficiently wide spread of socio-economc characteristics and well defined
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representative areas for which the distributions of the population by the
various characteristics are known. These requirements have been taken
care of in the planning stage

Anal ysi s of secondary data usually uses environnental variables, in-
cluding weather and visibility, to explain variation in the participation
rate in a certain activity either over time or space or both. Analysis of
these data yields the sensitivity of participation or the intensity of the
relevant activity to changes in visibility. The follow ng question is how
to transformthis information into a nonetary evaluation of visibility. The

present note is aimed at answering this question

The Eval uation

The analysis of participation in an activity is aimed at explaining
observed differences in participation over time i.e., between one day and
another. One of the explanatory variables is visibility. If one agrees to
the concept of a standard quality unit of the activity and that visibility
is one of the components of the vector of characteristics of the quality

then, ceteris paribus, a change in visibility changes the quality of a unit

of activity, which inplies a change in the nunber of standard units per unit

of activity. Formally let a standard unit of activity j be defined by

(X;, Xg,u., x:) where the 2°'s are the quantities of each attribute of the
standard (for sinmplicity we disregard the possibility of substitution).
Let attribute n be visibility. Thus, if

3(Quality of activity 1), 3
axX
n

i.e., the quality denoted by (Xz,xg,.n,xg Xo-ﬂ) is 1+B larger than standard
ized quality we interpret it as if it is equivalent to 1+B standard units
of activity j.

The use of demand and supply framework to describe different market

equilibria requires that the product (service) be honpgeneous. Thus, when
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anal ysing observed participation in activity j the activity has to be trans-
formed into honpbgeneous units - each at the quality level of the standard.

If we assunme that the activities people are involved in are not Gffen goods,
then, aggregate demand for each activity is downward sloping in the quantity
(of standard units)-price per units of standard quality plane. Furthernore,
as long as socio-econonic characteristics and popul ation size are constant,
demand is stable.

Assuming that visibility is a positive attribute and that the quality -
quantity transformation into units of standard quality is at a one to one
ratio (as fornul ated above) then a change in visibility can be viewed as a
change in the average cost of supplying standard units of activity j. Hence
if for the relevant range of participation in activity j the average cost
of supply is assuned to equal the marginal cost of supply, i.e., they are
i dentical and horizontal in the quantity price plane, an inprovenent in
visibility inplies a downward paralled shift of the supply curve (Figure 1).

FI GURE 1

$/Unit of
Standard j

l.b\

Standard Units of |j
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Let the elasticity of demand for activity j be njthen, due to inproved

1

visibility fromlevel W to V" if the observed change in consunption of stan-

AQ,/Q
dard units was AQj the inplied decline in cost of production is &P /P = — .

I nj

The social gains due to the inproved visibility equal the area jP?AB%’]T. At
this stage two problens are encountered. The first is that the observed Qj is
not in terns of standard units but in units which are unadjusted for quality.
Thus, if we use changes in participation rates due to inproved visibility as
a nmeasure for the change in standarized quality units, AQJ, is underestimated
and also 4P/P is underestimated. Secondly, the average cost of production of
a standard unit at different levels of visibility is unknown and |ikew se the
demand el asticity for standarized units is usually unknown. To overcome the
second difficulty, studies on the demand for various activities can be con-
sulted. However, none of the estimated elasticities is for a standarized units
of activity. Thus, in the follow ng an approxi mation is suggested. The out-
cone is obviously an underestinmation of the social value of inproved visibility.
Hence, when defending it, or sinilarly, advocating public action to inprove
visibility we are on the safe side.

Let's return to Figure 1. Consider a demand elasticity of unity and re-
gard observed changes in participation rate as changes in quality-adjusted

units of activity j. Thus,

AP/P = AQ/Q and 4P = L S P,

where Q refers to calculated participation at average annual visibility.
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One can calculate the value of P when a "regular" (non-standard) unit of
activity j is purchased (e.g., value of travel time, autompbile costs,
parking costs, entrance fee). The social benefits of inproving visibility

from\? to V1 are approxi nated by

1

j) &P/2 .

<]
+
(Qj Q
A very conservative value would be just Q? . 4P, and an inbetween val ue
3 0o,1.1
(2 Qj + E'Qj) AP /2.

Note that the val ues of Q; and Q% to be used are those calculated fromthe
equation for participation in activity j, i.e., they are the predicted val ues
(6?, aj). Using the variance covariance matrix of the estimted coefficient,
the variance of the sun1&%?f + %&})can be cal cul ated and confidence intervals

constracted for nmeasurenent of the social benefits.

General i zati on

Figure 1 can be augnented by adding to it the distribution of visibility

over the relevant period of the year (e.g., for sw nmng Muy-Sept.)
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FI GURE 2

$/unit
N Q
rd
V visi-
— - 7\ X
VA VB VC VF bility
Prob(V) U e

Define an inprovenent in visibility as the shift of the distribution of visi-

bility 1 unit (or 1 percent if the analysis of participation was done in a |og-Iog
nodel) to the right. The social benefits due to this inprovement are equal to the
sum of the areas of type P;.’ABP;' in Figure 1 weighted by the correspondi ng pro-

bability distribution of visibility. In a discrete formulation it is
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m.

32 [Qj v, +11-Q, cvg] . AP(Q (V)] * Prob(Y ),

fis

i=1

where i denotes a level of visibility (mlevels are assuned). Also recall that

m
Z Prob (Vi)-l.
i=1

As an approximtion one can assune

AR(Qy(v4)) = aP(Q (v, ")),

3

where AP is calculated only once, at the average V.

Summary

The note suggests a comon procedure for the evaluation of social benefits
due to inproved visibility when information on the effects of visibility on
behavior is derived fromactivity participation rates. The nethod is based
on various approximations. This is its weakness but also its advantage. It is
relatively easy to apply it to various activities. In addition to the estimation
of the participation function only the calculation of average cost per unit of
activity is needed. The final outcone is already an aggregate value for the
correspondi ng geographic area for which the participation was neasured. W al so
argue that the various approximations |ead to an underestimation of social benefits.
Thus, they would not be refuted by nore careful and sophisticated estimation-

cal cul ation techniques.
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A 6 VISIBILITY AND | TS EVALUATI ON

In the following we discuss the concept of visibility, explain how
different persons conceptualize visibility, and attenpt to explain why dif-
ferent people bid different amounts of money for what is "objectively" the

sane change in visibility.

Visibility
The dictionary defines visibility in general terns:

a) The quality or state of being visible
(the visibility of a navigational 1ight)

b) The degree or extent to which sonmething is visible,
as by the clearness of the atnosphere

c) Capability of being readily noticed
d) Capability of being distinguished

e) Capability of affording an unobstructed view

The termvisible is defined simlarly:

a) capable of being seen
b) perceptible by vision
c) easily seen, inpressive to the viewer

The concl usi on one can draw fromthese definitions is that visibility
is a subjective property assigned by the human mind via the eyes with or with-

out the usage of visual aids (e.g., binoculars) to various
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capabilities all of which are related to vision. The capabilities usually
enphasi zed are: the identification of objects at different distances at
different levels of clearness, preciseness and brightness, the capability
of distinguishing between different objects and between definite col ors.
Wth regard to colors a conmparison with an "ideal" col or takes place where
the ideal is a subjective standard the individual has acquired and con-
structed given past experiences of view ng various objects under various
environnmental and topographi cal conditions.

Hence, the declaration that visibility is good or bad, inproving or
getting worse reflects differences between perceived visibility at a
specific site, of a specific object, at a specific tine of day and environ-
mental conditions and the ideal visibility one has in mnd as the nuneraire.
We night consider ideal visibility to be a constant for each individual but
different for different individuals. Then experinentation with the sane in-
dividual will yield a set of values all refering to the same base. On the

other hand, experimentation with many individuals on one scene yields many

val ues which however, are non-conparable, The reason is that they refer to
different bases and different subjective perceptions of the same view by
different people. Furthernore, differences between people's "ideals" and

differences in subjective perception are not necessarily perfectly correl ated,

given the host of factors that affect perceived visibility and which affect
different people differently. Thus, attenpting to adjust for the unknown

i deal base by using background soci o-economic variables related to indivi-
dual s does not necessarily transform statements of perceived visibility

to a common base. On the top of this is the question whether we know what

are the relevant variables that determne the standard of ideal visibility.
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Following the various definitions and expectations fromvisibility it
seens reasonable to conclude that visibility is not single dinmensioned. It

is conposed of a set of characteristics or functions it fulfills. Hence,

V= [vl,vz,...,vh]

where v; is the level of achievement of the aimed at function i. Wen an
individual is shown a picture or is asked to compare two pictures from
their visibility point of view we hypothesize that he is capable of classi-
fying the difference for each i. Nowlet's experinment with him

Show the individual a picture and ask himto rank the |evel of visi-
bility it displays on a scale from1l to 10. Then ask himto give it the
rank he thinks the majority in the society would rank it. This first ex-
periment woul d indicate whether the questioned individual has any particul ar
attitude towards visibility that is different (and knows about it because

of previous experience) fromthe average in the society. Then show the

i ndi vidual at least three sets of three pictures each and ask himto rank
visibility within each set on the 1 to 10 scale. The purpose of this
ranking is to quantify the perceived n dinmensional vector into a single
dimensional vector. (See reservation below.) An interesting test of the
hypot hesi s that each individual has a different perception of visibility
woul d focus on the distribution of the ranks given to the sanme picture by
different individuals. Simlar tests for different perceptions could be
done on the differences in ranks given to two pictures.

For each set of pictures, following the order they were ranked from
top down, ask the individual about his WIP per year in order to avoid deterio-
ration of visibility fromthat ranked at top to that ranked second and then
fromthat ranked second to that ranked third, and so on. So far, attenpts to
explain WIP data have enpl oyed conventional socio-econonic characteristics
and variables revealing an individual's attitudes towards the environnent,

recreation habits and intention to mgrate. W hypothesize that the ex-
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pl anation of WP data would be inproved if the analysis also included as
variables the absolute difference in the ranks given by the subject to the
pictures, the rank given to the "best" picture, and the difference in
rank for the picture evaluated by the subject for himself and for society.
To be nmore explicit we postulate that the absolute difference in
ranking affects WIP positively (it quantifies the difference in visibility).
The rank given to the "best" picture captures the particul ar evaluation of
the entire set. (If the best already ranks lowthere is little to expect
to be paid for avoiding further deterioration - no use, or, maybe high
payment - increasing marginal disutility.). W suggest that the ranking
of visibility on a1l to 10 scale be part of the questionnaire and the ranks

be used in explaining the bids

More on Ranking and Val uation

When the individual is asked to rank visibility on the 1 to 10 scale
we actually ask himto apply his personal weights to each of the n attributes

in the visibility vector. Hence the rank by individual j is:

w.,V
37y ('

G ven the idea of an individual ideal standard

vij - Vij - Vij

wher e VH is the ideal, and Wj the perceived. The final rank assigned is
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thus a weighted average of the difference between the ideal and the per-
ceived. If we could be sure that the individual is consistent with regard
to the weights he uses, the experiment suggested above would permt the
explanation of WP for visibility. However we doubt this consistency. In
particular it is uncertain whether the mﬁj are constant for individual j or

are a function of the circunstances of the experinment i.e.

Wige T ¥y Gk

WiJ U is the shadow price (value) individual j attaches to attribute i at the
circunmstances prevailing in t. This leads us into the issue of the deter-
m nation of shadow prices

It is commonly accepted that visibility is used as an input in the
production of consumer goods i.e., visibility enters into the utility function
only indirectly via consumed goods. The representation of visibility as a
vector of n attributes inplies in the present context that each of the at-

tributes is an input. Thus, there are production processes for which only

specific attributes are needed, while others do not affect output - the
quantity of the consunmed good. In other cases all attributes are enployed
in production or might be capable of substitution -- one for the other. In

general visibility is a free good, but it is indivisible and its quantity

predeternined exogeneously. Using our previous termnology, at state t

(stands for time and location) the level of the attributes v, are gi ven, Git'
Since everybody can enjoy the same attributes (they are a free public good)

they are not traded and in particular can not be substituted one for the other
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in the market. The individual takes these given quantities and enpl oys
themin the production of the consuned good or service (e.g., watch a boat
race on the lake). In the production process other inputs, some which are
tradeabl e, can be enployed as substitutes or conplenents to the visibility
attributes or human eye whose characteristics are not good enough (e.g.

gl asses, binoculars, standing on a high building). For different activities
(production of consumable services), different attributes of visibility are
needed to a different extent. E .G, if one is watching boats on the |ake the
distance attribute is nmobst inportant and next to it the capability of dis-
tinguishing among colors. \hen visiting the Brayce National Park col or
contrast is nore inportant than the capability to see a long distance. |
amusing the terminportant to stand for the economic termMJP = MP * MJ --
the marginal utility product. (Recall the sinlarity to MRP -- narginal

revenue product, which is the product of MR and MP.) The units of the mar-

, O - _ Lunits of service x
ginal utility product are of utility (IVF’Vi = sunit of attribute of visibility i’

A units of utility Hence, MIP . = 4units of utility —)
MU = 3 unit of X ’ vi 4 unit of attribute of visibility i’.

In the process of producing service x, nore than one attribute of visi-
bility is enmployed. (It may be that attribute i + 1 inproves the quality of x
that is produced using attribute i. This change in quality affects utility
and thus can be expressed simlarly.) Thus, the weights the individual assigns
to the various utility attributes when we ask himto evaluate a certain visi-
bility on the 1 to 10 scale are the MJP's that are particular to the view we
show him and circunstances at which he sees it. Thus, the sane individual wll

assign different W per unit of attribute i under different circunstances.



A- 60

Furthernore for the presumably sane view different people will assign dif-
ferent W per unit of v; sinmply because their personal production function
differs and utility differs; thus their I\/UPVi differ
Wien an individual is asked to rank visibility he cal cul ates the
val ues
n

Lw,V
i=]

n
and T w
i{=]

~

1.1
£ vy

=

k
i

where 1 and k are the sane picture at two different levels of visibility.

We traditionally assune that
W= wy i=1,. . .,n

Thus the difference on a one dinensional scale is

n
1
Ag = ZwiCVI;_ - VJ'.)' z v, &V

f=1 i

Thus when asked about WIP the relation is
WIP = £(4S,y)
where y is all other variables affecting WP

Two different individuals would thus bid differently even if their

preceived &V, are the same if their w differ. | suggest that by asking the

i
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i ndividual to scale various picture on the 1 to 10 scale we get a good
approximation for his 48 and thus our explanation for the WIP woul d i nprove.
A difficulty arises if W= ﬂ(sone el ements contained in vy). This can
be checked by relating 4S (and al so the scale he assigned the best picture
we showed hin) to all the elenments we consider to constitute y. (A mltiple

regression would do this job.).

Concl usions and Prelininary Remarks for the Eastern U S. Study.

The main argument put forward in the discussion is that visibility
is nulti-dinensional; that the inmportance of each dinension depends on the
specific scenery; that judgment of changes in visibility depends anobng
other things on the standards people get use to and to what each vector of
visibility attributes is conpared to.

In order to better understand the WIP decl ared by people (w thout
currently reflecting or suggesting changes in the various questions in the
questionnaires) we have to get a better idea of the quantification of
perceived changes in visibility. One sinple reason for that need is that

declared WIP is a second stage quantification of visibility after
applying to differences in attributes weights that are dependent upon the
process of producing view ng services and output in the individual's sub-
jective utility function. Wthout know ng the basic information how could
we explain the outconme?

The issues raised above are magnified once the area over which the
pl anned i nprovement of visibility is widened to the extent that the individuals

questioned are not famliar with all available views. The possible extention
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carried out by individuals can be in either of two directions. The first
is a mere extrapolation i.e., given that the extended area is k tines the
area previously questioned, willingness to pay is * times the pr evi ous
paynent where 0s @ £ 1.  Another way is nore sophisticated and can be ex-
pected only from people that are famliar with the area. They attenpt to
appl y specific weights to various scenes and then aggregate over the
scenes. Both procedures are probably inadequate, inmplying that any extra-
polation is likely to yield WP which would be difficult to explain. Thus,
the alternative of sanpling different people at different |ocations for
different vistas and then aggregating over them seens to be the preferable

way.
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A7 VISIBILITY AND OUTDOOR RECREATI ON ACTI VI TI ES
A RESEARCH FRAMVEWORK

In this study we attenmpt to outline the value of visibility in out-
door recreation activities. The underlying idea is that there is an al-
ternative cost in addition to the direct cost and that these costs and
visibility are the inputs in a production function that provides the con-
sumabl e commdity - the Becker approach (1965). This approach is com
patible with that in which the "production" phase is by-passed and the
utility function contains two arguments that are related to the recreation
activity: a quantity measure which is a function of the cost and a quality
measure which is a function of visibility. The two are substitutes in the
sense that one can conpensate for the other along an indifference curve. Yet
we enphasis the assumed assistance in increasing utility by letting the
second cross derivative of the utility function be positive. This second
approach is in line with Maler (1974), but is somewhat nore genera
since it does not necessarily require the quantity of the recreation

activity to take either of the two values 0, 1.

Visibility Value One Activity

Assume that the expenditure on the recreation activity, R is
variable and positively related to the quantity of services obtained (seat
in the stadium length of stay on the tennis court or golf course). There is
anot her consunption good which we refer to as income. Visibility affects
only the utility fromthe recreation activity. Visibility does not have
an explicit market price and it is a public good. If we could have a three
di nensional space, an indifference curve map woul d represent the tradeoffs

between incone, quantity of recreation and quality of recreation. W use
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a two dinmensional space. Thus over each indifference curve both the |evel

of visibility and of utility are constant. Individuals' total incone is Y.
TN
YO A
1
Y B (u=u", V=v°)
P —— (u:u ’vavl)
| N
0 1 /R

The observed rel ationships are

u(@ - 8%, 8%, v°) = u(¥® - &® - a¥°, R°, vH)
or

u@ - &%, R%+aR%, V%) = u(@ - &%,R%,vH)

Hence 4Y° i's the compensating variation - while &% is the equivalent varia-
tion. Also both ay® and ar® might vary with ¥,8° and v°(v'=v°+av,av= Constant.)
Simlarly NRSy/r at Ais not necessarily equal to that at B. They are equal

i f |vuy is independent of visibility (ReR’). The assumption that XU is

i ndependent of visibility is more difficult to grasp. ©One would expect it

to increase with visibility. Hence given that the MS
9

yit is MUR/MUY one

woul d expect NRS(B) > NRS(
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Enpirical |nplications

The purpose of the study is to get a quantitative nmeasure of the val ues
of aY and AR. |If the two are obtained independently and one night expect the
corresponding MRS to be aobut 1.0 (both are neasured in dollars) then a check
for consistency is at hand. Yet before approaching this task one should be
aware of the fact that there are several recreation activities and they
may be close substitutes. The individual behaves such that his utility
fromthe allocation of the budget (full income) is maximzed. Hence under
unfavorable visibility conditions that affect the derived utility froma dollar
spent on activity A by nore than the utility of a dollar spent on activity B
we mght observe a corner solution with respect to A This is nore likely
to happen if the cost per activity is of the formof a two-part tariff
(fixed plus variable). Hence the "market" observations on the effect of
visibility take two forns. One is the number of participants, the second
is the intensity of participation. The situation is confounded if we
realize that due to the time consumng input that each activity requires,
participation is feasible in only one out of the set of available activities.
Usually the length of time needed for consunption is disregarded in enpiri-
cal demand anal ysis. Becker (1965) enphasizes its economic role by gene-
rating the full price, full income concepts. However the physical linit of
tine - two activities cannot be perforned sinultaneously-does not bear its
inportance in the Becker analysis. For an individual, this constraint |eads
to a bang-bang solution (either A or B). For the aggregate we expect to get

different distributions of participates by activity for different visibilities

given that the "reservation" visibilities differ for different persons.
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For enpirical investigation we collected data on one outdoor spec-
tator activity - baseball - and one participating outdoor activity - swm
mng. For each activity the data needed were the attendance rates and the
distribution of attendance by length or intensity. The intensity variable
can be proxied by the quality of seat, which is positively related to the
ticket price. Hence, following the mbdel presented in the first section, one
expects that the worse the visibility the better is the purchased seat. Yet

several difficulties nmust be realized

a) Seats are sold in advance. Thus the purchase is done under un-
certainty with respect to the visibility at the day of the game. The larger
the variance of visibility the higher the mean of the quality of seats sold.

G ven the seasonality of each of the games, unless cross-sections-over-cities
data are collected the variance effect is undetected.

b) The individual decision making nmobdel does not account for exter-
nalities. In the framework of our discussion these will be reflected in
congestion and by "all seats of quality 9 are sold” which are due to capacity
limts of spectators recreation locations. Thus, if capacity is reached the
distribution by quality of seats is invariant to visibility.

c) For spectator activities the demand for attendance and the distri-
buti on of seats are not independent fromthe conpeting teans. Wile one of
the teans is always the hone team the other team varies. Data for nore than
one season are needed in order to estimate an unbiased effect of visibilities

on attendance and seat distribution
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The data referred to above are the "nacro" data. In order to estimte
the effects of the socio-econonmic characteristics of the population on the
correspondi ng conpensating variations and equival ent variation "micro"
data are needed. At this stage, we do not discuss the specific contingent valu-
ation instrument but would like to raise one point: the ex ante vs. the ex post val ues.
Ex ante refers to before the gane and thus before the actual effect of visi-
bility on the utility derived fromthe game is observed. Ex post refers to
the after-observing-and-experiencing effect of visibility. In the ex post
case nore information is available and thus the A?,Aﬁ are better representa-
tives of the CV and EV. Yet the whole experinent of valuing visibility

has an ex ante nature.
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A. 8 THE DEMAND FOR VI SI BI LI TY SERVI CES

In this section we neasure the econonic val ue of an aesthetic charac-

teristic of the environnent as reveal ed through the demand for a private
and priced service. Specifically, we estimate a site specific valuation
of visual air quality by estimating the demand for access to views at a
maj or observation deck in Chicago. Unlike alternative nethods for the
Val uation of environmental services, the method exanmi ned requires no
extensive primary data collection. Day to day variationin vistation
and visibility permit an estimate of aggregate denand.

The sal i ent unorthodox feature of the demand analysis is
that neither an explicit price of the service, nor incone nor wealth of
the denmanders are explicit variables in the nodel. For the price of the
service we substitute a variable that is presuned to be perfectly corre-
lated with the true price variable. Because the time period exanmined is
so brief, income can be assuned to remain constant. \Wile the outcone
is but partial valuation of visibility, we suggest that such anal yses of
observed behavi or of fer inportant corroboration to val ues derived through

| ess conventional nethods.

The Denmand for Visibility

The purpose of this sectionis to describe the quantitative response
at the observation deck to changes in visibility conditions. W thus defer

t heoretical considerations of utility andindirect utility functions which
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are a usual starting point for demand analysis. Instead, we specify the
general aggregate demand function for that activity as a function of its

price, income and the prices of substitutes and conpl ements:

(1) q=£@; I, Pryen,PL)

Insofar as q measures a quantity - visitation in a given tine period -- the
variabl es specified in (1) are defined somewhat differently fromthose in a
conventional, demand study. Also on theoretical grounds, it is possible to find
better definitions than the ones used here. However, the enpirical orientation
of the analysis leads to practical and observable definitions. For exanple,

a nore precise quantity variable would be the nunber of man hours per day
spent observing. Correspondingly, an ideal price nmeasure would be marginal
cost per unit of tine spent view ng, includingrelevant direct and indirect
costs. Unfortunately, however, these two measures are not available. In-
stead, the quantity variable is represented by the nunber of people partici-
pating in viewing while the price variable is assumed to be the sum of
all costs divided by the quantity of visibility services. These total costs
are assuned to be constant across all users. The quantity of visibility
services is the pivotal point of the theoretical nmbdel devel oped bel ow.

For reasons of sinmplicity, assune that view ng fromthe tower observa-
tory is in all directions and that the density of vistas is equal per unit
of area regardless of the distance fromthe tower. A mgjor input for pro-
ducing visible objects is the visual air quality. This input can be neasured
by different dinmensions, all of which are convertible to "distance of visibi-

lity.” Eyes, too, are a necessary elenment in the view ng process. The
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natural characteristic of eyes are such that the further away is the ob-
ject on which the eye focuses, the |l ess clear is that object. Hence, ad-
justing the quantity of objects viewed by the quality of the view (sini-
lar to a discounting procedure except in this case with respect to dis-

tance) yields a neasure of standardized visible objects, denoted VO where,

v _R 2 -
VO = [ 2TfRe P = 1P | l-a P (Vo+l)
0 =z

where ¥ represents the view ng distance allowed by air quality. Qearly,

370/ 3% > 0 and 3290/ 3T <o.
voifh

<34
<

The sum of the entrance price charged by the observatory tower, the
value of traveling tine, and travel costs is assumed independent of visi-
bility and i s denoted TP hence, the average per unit of viewis p = TP/ VQ
which is negatively related to VO. G ven the above relation between VO and

V, the figure belowrelates Pto V.

P AN

g

N
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We now rank the potential custoners of view ng services by their
reservation price per unit viewed. |If this distribution is stable, then
the lower the price per unit of view, the greater the number of people
whose reservation price woul d exceed the actual price. Hence, visitation
woul d rise and nore woul d consune the services of the observation tower.

M is the measure of the quantity demanded the nunmber of visitors per unit of tine.

No. of A
Potential
Viewers)

M

1]
~
]

Yo
Henee,

H= [TM(P)dP, such thar %/3F < o.
P .

The remaining elenents in the demand function are the prices of sub-
stitures and compl ementary goods which are not built into the reservation
price. Substitutes as a group would be conprised of all other recreationa
activities. W argue here that either the prices of alternative activities
are constant over the analyzed period, i.e. are unaffected by changes in
visual air quality, as for exanple, nuseuns; or that changes in visibility
affect their effective prices to a lesser extent than they affect the effec-

tive price of the services rendered by an observation tower. (This is another
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difficulty with valuing visibility in an urban setting conpared to a

Nati onal Park where only visual air quality at the time of visitation my

be inportant.) Cbviously, it is less costly to postpone or forego a trip

t han changing or canceling plans for activities that are highly tine

Intensive. Effective conpetition comes only fromother towers in the area
Assumi ng that increnments in visibility affects VO uniformy, the

relative price between towers for visibility services is independent of

the level of visibility. This inplies a constant distribution of the con-

suners of observation tower services over the various observation towers.

Hence, changes in visibility conditions |eads to equi-proportional changes

in the demand for each of their services.

Model , Data and Results1

The basi ¢ model that has emerged fromthe previous section relates
the nunber of visitors per unit time to air visual quality at the tine.
In order to get this "net" relation, the gross figures of visitation have
to be adjusted for other variables that deternine or cause variation in
visitation. These variables include day of the week, season of the year
speci al events, holidays, and neteorol ogical conditions other than visua
airquality. The unit of time for which the participation rate is explained
is: once a norning; once an afternoon; and once the entire day (which in
some sense accounts for substitution among activities during the day),

Substitution over time may take another form- that of substitution

e are grateful to the managenent of the John Hancock Tower for providing
us with the visitation rate by day for the | ast year and a hal f. For unknown

reasons, the managenent of Sears Tower refused to provide us with conparable
dat a.
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between visiting days. This for of substitution is particularly likely
to be found anong visitors to the area. Normally, visitors plan to consune
a bundl e of services over their period of stay in Chicago. The exact tining
of consunption of a particul ar service does not change the utility derived
fromthe entire bundl e nor fromany particular service. Thus, not only wll
there be substitution between periods in a day, but al so between days them
selves. This inplies that arelatively high denand mi ght be observed in
spite of poor visual air quality, if this day is the second or third in a
row of poor visibility conditions. Aong this line of reasoning, we see that
consuners may i ndeed hasten their consunption of observatory services on
days when air quality is high because of uncertainty about the quality of
visibility over the next day or two.

These substitution effects, both forced and pl anned, obscure the inter-
pretation of the coefficient of visibility inthe demand rel ationship from
t he point of viewof the calculation of the social costs of lowvisibility
in an urban area

The estinmated nodel is that of alinear | east squares regression, where
specific attentionis paidto its the series nature. The nodel is

Mbdel 1: Y =X +X8+2 v+ ¢
t t 4

Yodel 2: Y, = Xi e (@FZ.y+ o

Yt = nunber of visits to Hancock Tower on visit day t, t=1,...,N

A visit day may be defined in the follow ng ways:
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Ycl = nunber of visits in AM hours
Y:, = nunber of visits in P.M hours
Y_. = nunber of adult tickets sold during AM and P.M
] . .
- periods conbi ned
Y., = number of student tickets sold during day t
ch = total nunber of visits by all groups during day t

Expl anatory Vari abl es:

X =visibility services during tinme periodti

til
Visibility services will take either one of two
alternative nmeasures. The first will be sinply visual
range at the Tower. The second will be defined as the

area of acircle determned with visual range as the

radi us di scounted by the R2 mexi mzing rate. That is,

Xcill = V in miles

- —_ P 4
X:ilZ 202 [l e va+l)]

(in log form the ﬁz will be dropped)
20

Inaddition, two |l agged visibility variables will be
included; the first wi 11 be the appropriate V from
the previous period and the second fromtwo periods

earlier.
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Finally not introduced
Price of substitute

X = P_/P_ where P, is a price index and Pe is the price

ci2 1I'"e |
of adm ssion to the observation deck

*e4i3 = ,e=l,...,N=atinme trend variable.

&i4 = tourists in Chicago (conventions)
ztil = percent of sky covered at 9:00 AM
z = rain (azero/ one-dunmmy vari abl e)
ti2
Zci3 = cloud cover height in feet.
Zt14 = Tenperature in degree Celsius (This effect

m ght be non-1i near)

2.5 = a day of week dummy, either weekday/ weekend
¢ or a dummy for each day of week.

Zcié = hol i day/ non-hol i day, dummy vari abl es

2:17 = nonth or season, dummy variable. El even
dummi es or 3 for groups:

1) Dec., Jan., Feb.

2) Mar., April, My
3) June, July, August
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2:18 = speci al events dunmmy variabl e.

As described above, the nobdel can be estimated in both | evels and
on a log-1og transformati on where the estimated coefficients can be inter-

preted directly as elasticities. The VO variable is entered

as 1/vo and the coefficient is invariant with regard to

-

fixed costs and total costs TP. Hence the true coefficient is 8. = (B)(TP),

where g is the estimated coefficient. In the log-1og regression, TP can

be di sregarded as well as 1r/2p2 (they become part of the constant). The
esti mated coefficient can be, however, interpreted directly as the elasticity
of visitation with regard to price.

Current atnospheric conditions nay affect visitation due to changes in

visibility or through nore direct effects on the costs or conforts and safety
of urban travel. Past atnospheric conditions may alter current visitation

t hrough effects such as snow and i ce accunul ati ons. The degree of cl oudi ness
or sunshine may al so effect the pl easant ness or unpl easant ness of out door

travel or recreation.
On first trial all the mentioned at nospheric variabl es were i ntroduced

into the estimated equation. G ven that both visibility and atnmospheric

conditions are introduced with [ agged val ues, multicollinearityislikely

to showup. If one uses the rule of thunb definition of nulticollinearity,
that is, "correlation anong the i ndependent variable," thenit is very possibly
present in our study as such responsible for the relatively high standard errors

of estimated coefficients.
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As is apparent, the variable of greatest interest is visibility

services, VO i i Ci
Denoting the coefficients of Xlit, Xli:-l, Xlit-z, by 30,

81, and By s a programthat stabilized visibility at a steady state

inplies elasticity of visibility with respect to visitation ofB 8
0, ls

Deduci ng the Val ue of Visibility

The nodel s estimat ed above quantify the response of visitationwth
regard to visibility services and other independent variables. Evaluating
the visitation response equations in the adm ssion price/total visitation
pl ane, one can exam ne the demand for adm ssion to the Tower.

Visibility services resenbl e a pure public good where
consunpti on by one individual |eaves unaffected the anount of service re-
mai ning for the consunption by another. Hence, to value visibility services,
a total value equation is of interest.

The total value equationis estimted by eval uating the visitation
response equation at nean val ues of i ndependent variables and then nulti-
plying the result by the Tower admission price (Figure 1). Total val ue curve
(1) results fromevaluating estimted equation (1) at various |evels of
visibility and nean val ues of other independent variables. Total value
curve (2) results fromeval uati ng estimated response curve (2) in the same
manner. As shown in Figure 1, the non-linear total value relation yeilds a
slightly higher value of Tower services at current visibility | evel VC To
estimate the daily value of a change in visibility services at the Tower,

one need sinply calculate the change in total value. For exanmple, if policy
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Figure 1

Visibility and the Value of Visitation
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is presuned to shift typical visibility from\Q to V,, then the val ue of
this shift internms of services at the Tower woul d be il - io in the case

of the non-linear total value curve or %l - §° in the case of the |inear
total value curve

Interms of atotal valuation of a policy change, present val ue
estimates are bi ased downward. First and perhaps nost obviously, the present
val ue estimates are site specific and only consider the change in val ue
due to services viewed froma single site. To approximate a site val uation
total, a study would identify all inportant sites within the area affected

by policy and then total the effects of a policy induced change over al

sites.
A second i nmportant reason for underval uation conceptual. As

visibility rises, anindividual's reservation priceis alsolikelytorise.
However, admi ssion price does not change and i ndi vidual's al ready vi ew ng
Tower services at the initial level of visibility would realize an un-
nmeasured gain in utility. In Figure 2, this gain is denonstrated. At
visibility | evel Vé and i nconme | evel Zd an individual realizes a utility

| evel Uy by paying price Pe and visiting the Tower. However, if visibility
risesto VP the sane individual by paying the same price pe can realize
autility level Uy. Gven an initial situation (ZO,QQ, the individua
woul d be willing to pay up to $8.00 to realize this gain. Hence, the
estimated total value functions overlook 6 for each individual who would
pay pg at visibility level Vb and estinate only the val ue due to additi onal
patronage. For either increments or decrenents in visibility from¥, then,

the total value curves will tend to underestimte willingness to pay.
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A third reason the valuation of visibility may be downwardly biased is
due to the definition of the dependent variable. As sinply the aggregate
visits to the Tower, the dependent variable does not account for variations
inthe amount of time an individual may spend at the Tower. |If each in-

di vidual spends the same amount of tine at the Tower regardless of visibility
t hen obviously this specification error is not a problem However, if tine
spent at the observation is positively related to visibility, then by dis-
regarding this relation, the total value specified as above may tend to
underestimate the effect of visibility.

Depending on the precise relation between visibility and time spent
view ng, the effect on the val uation procedure may be mini mal. For exanple,

l et price be defined as a function of tinme spent viewi ng. Specifically, |et
the relevant price be the price per unit of tine spent viewing and let this
price therefore be calculated as total costs including opportunity costs

di vided by the tinme spent viewing at the Tower. G ven that tinme spent view ng
at the Tower is presumed to be increasing, then we mght assign the follow ng

rel ation:
h =h V"
Q
where h is time spent view ng, hO is some mininuminput of time, and Vis

visibility. Then the price of viewi ng per unit of viewing time is:
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FI GURE 2
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If another leisure activity and not work is the alternative to visiting
t he observation deck, then wequals zero and the coefficient of Vin
the estimted equation (1) is an estimate of a. In so far as the func-
tional formchosen for f(V) seens general enough as an approxi mati on,
estimates of total value with respect to V do not seemto be seriously

affected by the present specification of dependent vari abl es.
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A. 9 THE EFFECTS OF VI SIBILITY ON AVI ATION | N CH CAGO

Visibility affects the flowof air traffic in many ways. First, if

visibility falls belowl nile, all traffice nust be under Instrument Flight Rul es

(IFR. This stops some general aviation activity for both flight training or

recreation.  pepending on the aircrafts equi pment and | andi ng systems at certain

airports, operations may be |legally continued down to 200 yards of visi-
bility.

Anot her effect of lowered visibility is the delay of take-offs (TO
and | andings. At low levels of visibility, a spacing of at least 1 mle
nust be maintained between aircraft. This greater spacing reduces the
nunbers of TO and | andings that can be made. For instance, suppose that
greater spacing del ays each aircraft by one mnute at O Hare Internationa

Airport. Assumng that approximately 60 take-off's and landings are handled per

peak hour of traffic, total operations are delayed overal |l by one hour

Decreased visibility can also lead to accidents or near-m sses by
contributing to either pilot or air controller error. Loweredvisibility
can cause incomng flights to divert to other destinations causing del ays
to those on board and inposing additional aviation and ground transporta-

tion costs.

Econom ¢ Model i ng

The object of this sectionis to provide a framework for valuing visi-
bility. First consider the effects of visibility on TO or |anding opera-
tions at a given airport. For commercial air carriers the effect of visi-
bility on the actual nunber of flights is expected to be quite low. This

is because they generally operate at the best equipped airports and with
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t he nost sophisticated equi pment. The effects of dimnished visibility

on general aviation are not so clear. First, when the visibility falls
below 1 mle, all VFR flights stop. Prospective flyers nust then decide
whet her they wish to fly IFR or postpone their trip. |f I[FRis chosen
pilots nust be IFR rated and have properly equi pped aircraft. G ven these

observations, it is an a priori expectation that |owered visibility would

decrease the nunmber of flights. However, this a priori notion may be ob-
viated by the fact that flights is may not be cancelled but nerely postponed
until the visibility increases. Wather forecasts are available to pilots
fromwhich they can make deci si ons on postponenent or cancellation. |[f
early morning visibility is expected to inprove within a short tine, de-
parture may only be del ayed within a day and hence within the period of
observati on.

The flexibility of departure tine formthe basis for an intertenpora
optimzation-of-utilitynodel. The pilot/travel er decides when to | eave given
visibility, general weather conditions and expectations of future weather in
order to maximze utility gained fromthe trip. By the nature of the inter-
tenporal trade-off the value of a trip declines as it is put off, but the
increased visibility gained by waiting may add nore present value than the
cost of waiting. Consider the folow ng intertenporal choice nmodel under
perfect foresight:

Chooset so as to maxinize

U(Z(t),X(x) lvt,vﬁ_l, PPN TR S

Uis utility which is a function of the trip X, which varies in value

over t (hence X(t)). Z, is avector of quantities of other goods. Vi
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Vt+1’---’VN are the known future visibility values and ¥, is a vector of

weat her related factors other than visibility. Now, consider the

function

{}(:) 'V;’V:ﬂ.' R P I PR w__N} .

The val ue of X(to) is 1 when to is optinal, where optinal is defined by
wei ghti ng the di scounted val ues of (Vi,zi). Xt is O for t 4 to' From
this, a demand systemcan be derived.

Anot her nodel of visibility's effect on air travel considers the tine
del ay caused by restricted visibility. As visibility is reduced, the space

between aircraft nust be increased, creating tinme delays. This line O attack

coul d all owa dol | ar value to be placed on visibility effects. Consider the

foll owi ngtechnical relationship:
D, = GV, SCIT, ,0C)0,) -

Time Delay (TD) is a function of some lag function (#(L}} of visibility,
a lag function of weather (_Ht) and a | ag function of some other factors
such as nechani cal breakdowns. The lag functions are included because
these del ays accunul ate over tine. Fromthis equation, _g_g_ shows the
effect of a marginal visibility change on the tinme delay. By mmking sone

assunptions on the val ue of passengers, a |ower bound cost of visibility

changes can be cal cul at ed.

Enmpi ri cal Mobdel i ng

Consi der estimating the first conceptual nmodel of the effect of
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visibility on the nunber of flights. The currently avail able data consi st
of counts, the total nunber of takeoffs and | andings by day at six |oca

airports by class of aircraft. Weather data are also available. The equa-

tion to be estimated is

1) 1log Ct =vD+ c.Loch + dLog H.: + 8 P:+€:'

q is the count of total take-offs and | andings at O Hare. This variable's
neaning i s sonewhat anmbi guous.  First, it cannot he deternined how nmany
aircraft left and returned on the sane day, so the nunber of take-offs

cannot be distinguished fromlandings. Another even nore inportant

problemis involved with determning the degree of intertenporal trade-

offs. Since the data are for a twenty-four hour period, we cannot deternine
i f decisions to depart were put off for periods | ess than twenty-four

hours due to weather expectations. That is, after adjusting for seasona

and day of week effects, there may be little variation in counts attri-
butable to visibility because all put off effects are very short run

The vector D is a set of dunmes to capture day of week effects.

After viewing the data, differencing may be necessary to filter seasona
ef fects. Vt is visibility on day t and Ht is cloud height on day t, and
ﬂ is a0-1variable for whether or not precipitation was present.

Fromthis specification, ais the estinated per cent age change in
counts for a one percent change in visibility. In order to place a dollar
value on this effect, the average one hour rental fee in Chicago, for a
Cessna 310, a small twin engine aircraft, may used. A lower bound estinate

for the daily cost of a one percent decrease in visibility is ; ml tiplied

by the average count per day multiplied by the average aircraft cost. This
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represents the average cost of increased visibility to someone planning to
take a trip and cancel ling or postponing. Clearly, this represents a | ower
bound for the actual cost incurred.

The other method of deriving a value on visibility uses tine del ay

data. By estimating the technical relationship

Log(TD:) = yD + w{L)loth + SCLllogHt + e Pt+D:,

the rel ationshi p between Vt and TDt can be found. Again, % is the per-
centage change in TD i nduced by a one percent change in V, Two pieces of
data are now needed. First, the mean nunber of passengers effected by a
time del ay and, the val ue of each passenger's tine. By assum ng reasonabl e
val ues for these two factors a | ower bound for the cost of time delays due
to decreased visibility can be estinated.

Anot her method of deriving the value of visibility deals with the
i dea of diverted flights. As was previously nentioned, if flights are
diverted due to lowvisibility, the aircraft passengers have a cost im
posed on them Also, the original destination |oses revenue fromlanding
fees, hanger and fuel charges and, the city of destination |oses the
revenue the passengers woul d have spent. One way to derive this cost is
to look at flight plans filed with the FAA. The nunber of diverted flights
due to low visibility can he found, as well as the number of flights
diverting to Chicago due to low visibility el sewnere. This can also be done
for flights going to different Chicago airports. If Meigs is socked in by
lowvisibility then inconming flights may divert to Mdway, which means that
M dway t hen benefits fromMig's | oss. The problemwith this analysis is

mostly in the expense of gathering data.
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At this point, it seens relevant to discuss, relationships across
airports. Each airport has a different schedul e of |anding fee rates.
There are al so non-pecuniary costs differences across airports due to
varyi ng congestion levels. Each airport offers a different bundle of
services. There are two major services to be considered. First con-
sider an airport's location to be an input to producing final services;
i.e., that of getting the passengers to their final destination. An
airport will be chosen so as to nininize transportation costs fromthe
passenger's point of originto their final destination. A second service
or set of services acts as a constraint to this decision. This constraint
isinthe formof having a runway | ong enough for the aircraft chosen and
t he proper |anding systemgiven the prevailing weather

I n choosing which airport to fly into, the passenger or pilot chooses
that which is nbst easily accessible to the final destination given that
it can be used in the current weather. If Meigs is closed, the flight
may divert to Mdway. Wen viewed in this manner, at |east for genera
aviation, the substitutability of airports is evident, as is the fact that
t he degree of substitutability is a function of the current weather. The
third factor in determining the degree of substitutability is of course
the prevailing | anding rate structure.

A simlar route selection decision may be made by passengers of schedul ed
air carriers. Cearly, for non-pilots and those who do not own aircrafts,
the | east cost alternative is usually a schedul ed comrercial flight. How
ever, if time cost savings are substantial, the possibility of aircraft

charter enchance the range of substititability. Such charter and non-
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schedul ed flights may be particularly inportant at Meigs Field near

down-town Chi cago. However, at other airports and/or nost commerci al

passengers, the cost of charter is likely to outweigh tine savings.

Ext ensi ons

Thi s section suggests how to extend anal ysis in ways which add
precision to the estimates for visibility costs in aviation. First,
consi der the model for counts. As weather data for each airport |o-
cation are coll ected, six separate equations can be devel oped in the form
of (1). Estimating the six equations jointly adds informationto the
estimtion procedure. The method of seemingly unrel ated regression
provides a straightforward way to proceed. Consider the follow ng
equati on system

log Ci,: =Y, By tay logV, +4&, l°g~EL: + e, e=l,....N

i=1,...,6

This gives us sixa,'s, one for each airport, each of which is estina-

i
ted nore precisely than in the six regressions run separately. So, a

| ower bound cost can be estinmated for each airport and these costs can
be aggregated to derive a | ower bound visibility value for the entire
area.

The ot her extension applies to the tine delay nodel. Again, the
residuals fromthe six separate regressions are correlated. By applying
t he seenmingly unrel ated regression procedure to that systemof equations,
anore precise tinme delay elasticity of visibility is estimted for

each airport, and as before, nore precise estimtes of the cost of

visibility are nmade
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A. 10 VI EW PRI MARY RECREATI ON, THE HANCOCK TOWER

An urban resident or visitor is presented with a | arge nunber of
opportunities to viewthe urban | andscape and skyline. A great many
of these view ng opportunities carry a price insofar as one must gain
access to a private viewing site to enjoy a special vista. However,
invery fewof these situations is viewuse recorded. For severa
reasons, urban observation points such as Hancock Tower of fered an unu-
sual opportunity to determne the effects of visibility on the demand
for viewi ng services. First, the panoram c viewoffered by the Tower is
particularly sensitive to changes in either visual range or col or
contrast. Second, an explicit price is charged for access. Finally
attendance i s recorded on a daily basis.

Various quarterly reports have described intital findings regar-

di ng t he behavi oral and revenue effects of visibility at Hancock

Tower. Behavioral equations were refined and progress was made t oward
a site-specific valuation of visibility. This section provides an
overvi ew of the valuation strategy and presents sone denmand esti mat es
for Hancock Tower services as a function of admi ssion price, visibility
and a set of additional demand shifters.

Unli ke the common demand anal ysi s whi ch consi ders goods as di Vi si -
bl e or at |east capabl e of repackaging, a visit to Hancock Tower is nore
readily model ed as a discrete choice. That is, the utility maxim zing
i ndi vi dual purchases entrance to the Tower if the marginal quality wei ghted
gai ns meets or exceeds the nmarginal cost or entrance price. The maxi mum

an i ndi vidual woul d pay, a reservation price p*, can be nodel ed anal yti cal -

|
ly and is, for the individual a function of viewquality (q), income
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(y), other goods prices (p), and visit cost shifters such as inclement

weat her conditions. That s,
PI - piCQsY:stl

In this reservation price context the individual chooses to visit the
site if p* meets or exceeds the price of adm ssion, po. Hence, the
i ndi vi dual demand for admission to the site is a zero-one val ued

choi ce index “i

0 -
T T e,4,7,p,9)

Furthernore, we hypothesize that reservation price rises with an increase
in quality. For the individual whose initialpg(qo, Vs E,w) exceeds the
market price, Figure 2 illustrates the gain in consurmers' surplus (CS)

due the quality change to qy Clearly, an individual who does not visit

either before or after the quality change gains no consumer surplus due

to the view quality change at the site

l -
P*(q ,Q»P:W)

o -
p*(q :Y,P’w)

Figure 2

l‘V\hen incone is included, we are discussing the Marshallian denands.
However, It can be shown that as the budget snare of a conmodity approaches
zero, as is likely in the present case, the Marshallian demands approximte
the conpensated demands.
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Aggregate denand for access to the view at Hancock Tower is

sinmple sum of individual demands. Hencs aggregate demand is considered a func-
tion of current Tower price, (p), viewquality (q), income |levels, other goods
price, and the sanme weather variables (w) that affect individual choice.
For given values of these variables, aggregate demand yields an attendance
count. A particularly convenient functional foot for approximting aggregate
demand is a nodified Cobb-Dougl as,

VST = ApalqanaStouéla
where VST is the recorded number of visits for a particular day, Ais a yet
to be specified function of shifters, y is aggregate income, t is a tine
trend variable, and a is a lognomal error term As steps prior to estimation,
adm ssion price charged at the Tower is deflated by a nontly cost of

living index and nmonthly real personal incone for the U S. proxies

i ndi vi dual variations in income 2 O her goods prices are not included

explicitly in the analysis.
The shifter, A is specified as an exponential function of weather

and tine related variables such as day of week and seasonal cycles:

A= A(w,d,s)
mexp (w,d,3)

where d are day or week dunmmy variables. The seasonal vector, s, my be
specified as either zero-one dumy for south or as sine and cosine functions
of period 365. In the current case with daily observations, the sine and
cosine functions are better suited to fit the likely snooth day to day

change of a seasonal cycle.

2Both the cost of living index (CPl) and personal income are referenced
i n"Econom ¢ Indicator, January, 1980" and economic Indicators. Nov., 1980"
prepared by the U S. council of Econonic Advisers.
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For an initial specification of viewquality, we reference recent
work by Malm et al., that seeks to develop tentative conceptual and
enpirical |inkage between physical nmeasurenents and perceived viewquality.
The findings of Malm et al., suggest that the relationship between

perceived view quality, q, and col or contrast, Cr’ is linear:

q=ACr

where Ais a function of shift variables such as cloud cover, snow in scene,
and tinme of day. Due to the tentative nature of the Malm et al., view
qual ity/col or contrast relationship, it is convenient to allowa nore

general form The function is generalized only slightly:

q=ac

where the relationshipis linear if 3=1.

Malm et al., go on to note that

wher e C0 is the inherent color contrast of a viewed object, r is the

observer's distance fromthat object, and b, is a monochromatic or wavel ength
wei ghted, spacially averaged estinction coefficient. Furthernore, the ex-

tinction coefficient isrelated tovisibility, v, by

v o= 3'912/bext

Hence, the initial relationship between color contrast and view quality

can be transforned to one between quality, object distance, and visibility
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or visual range,

q= ACoexp(~5r(3.912)/v)
or inlog form

lag = lnaC - 8r(3.912/v)

For a given site such as Hancock Tower, it may he considered a wei ghted
average of viewed object distances. Such a transformation for view quality
is particularly convenient for inthe log - log formof the VST equation

visibility enters as
a3 1ng = a3 loAC - a38r(3.912/v)

where «3 1nA becones either a conponent of the intercept or is added to
the effect of demand shifters such as snowfall and cloud cover.

Once final estinmates of the VST equation are conpl eted, consuners
surplus due to view quality change or visibility change at the site can be
easily calculated as long as a3 + 1<o, where a;is the exponent of own-
price. Consumers surplus (C.S.) for a quality change fromq0 to q1 is the
change in area underneath the aggregate demand curve at q0 mnus the area

under neat h aggr egat e demand at qy

P % a2 33 2y
= 1lim A(w,d,s) » q q ¢t dp
pr= Jp,
?
31 a2 i3 du
- lim A(w,d,s) p v q ¢t dp
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Once CSis calculated it may be accepted as an approxi mati on to conpensating
variation or transformed to conpensating variation by well docurent ed net hods.
Estinat es of VST were obtained using a log-1og transfornation and

ordinary squares. Suggestive results appear in Table 1. The
dependent variable is the log of total duly attendance and includes all but

one day fromthe period fromJanuary, 1979, through June, 1980. In considering
theseresults, one may keep in nind that average daily attendance is approxi-
mat el y 950 persons and the average deflated adult price of admi ssion is about
$0.79 in 1967 dollars. View quality variables are specified in a manner con-
sistent with the Malm et al, results. I VISBL and | VTSB2 are sinply the

first (VISBl) and second (VISB2) visibility readings (niles) at the Tower,
inverted and multiplied by the constant 3.912. Average VISBl is about 12

mles and average VISB2 is about 16 mles for the period considered.

\Weat her observations are for O Hare International Airport and were obtained
fromthe National Cinatic Center. |Independent variabl es ot her than | VI SBl

and I VI SB2 are

RP = Log of deflated Tower adnission price,

Pl = Log of deflated personal incone,

LT = Log of tine trend variabl e,

RA = Proportion of weather observations per day recording
rainfall,

SN = Proportion of weather observations per day recording
snowf al |

CL = Proportion of sky covered in clouds,

3 IVISIBL = 3.912/ VI SIB1 and | VI SB2 = 3.912/ VI SB2
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HTCL = Height of |owest layer clouds in hundreds of
feet,
WN = Average day wi ndspeed in knots,
TEMP = Average daily tenperature in degree fahrenheit,
M Tu, W
F, S, Su, = Day of week zero/one dummy vari abl e and
SNX
CSX = Sine and cosine transformations of period 365.

Examining the statistical results of Table 1, both the F value and R2
are adequate. Estimated coefficients tend to have expected signs. The
price coefficient is very significant, has the expected sign, and indicate
the elasticity of visitation with respect to a price change. The incone
variable, RPlI, has neither the expected sign nor is it statistically signi-
ficant. Rainfall, snow, and cloud cover are each statistically significant,
have expected signs, and are quite substantial in effect. For exanple,
ceteris paribus, a full day of rain reduces visitation to about one third
of what if otherw se woul d have been (exp(-1.035)=.35). Both of the visi-
bility related view quality variables IVISBL and IVISB2 are statistically
very significant and each having the expected signs; that is, as visibility
i ncreases, extinction coefficients (1VISBL and I VISB2) decline. As the
extinction coefficient declines, viewquality increases and visitationrises.
Hence, the coefficients or IVISBL and | VISB2 are negative. Coefficients on
day of week variables indicate that visitation an Friday and weekends differs
significantly fromvisitation on weekdays. Seasonal variables indicate a

strong seasonal cycle with a peak in md-sumer and a trough in early January.



A ll VI SI BILITY, VIEWS AND THE HOUSI NG MARKET

Freeman (1979a) identifies three major approaches whi ch can be used
to estimate the demand for a public good such as visibility. These
approaches are: (1) anal yze market transactions for something related to
the public good to estimate the inplicit demand for the public good itself,
(2) collect individuals' stated val ues reveal ed through a contingent market
for the public good and (3) anal yze jurisdictional provision of public
goods, taxes and constituency characteristics. Someinportant contributions
on the aesthetic val ue of cleaner air have been made using the second
approach, contingent valuation, with Rowe et. al. (1980), Schul ze et. al.
(1980) and Tolley et. al. (1980), focusing specifically on visibility.
As Rowe et. al. and Freeman argue, the demand estimates based on conti ngent
val ues are useful, but they are hardly definitive because of at |east sone
concern about strategic and i nduced bi ases. Wile Brookshire et. al. (1979)
mai ntain that these potential biases are practically negligible and that
contingent valuationis reliable, some doubts remain. There is no question

t hat our understanding can be i nproved by expl ori ng ot her approaches.
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The purpose of this sectionis to consider the prospects of using the
implicit market approach to estimate the value of inproved visibility
t hrough anal ysis of the housing market. This section is organized in the
followingway. The next part provides the theoretical basis for
estimating the demands for housing anenities through the analysis of im
plicit markets for anenities. Part Il reviews the rel evant housing
studi es of the demand for anenities related to visibility. The concl udi ng
part deals with what further insights can be expected fromstudies of
t he housing narket and suggests a way of obtaining that additional in-

formation on the value of inproved visibility.

[, The Inplicit Market for Housing Characteristics

Even casual observation suggests that housing is heterogeneous com
modi ty conposed of various inportant features other than structura
characteristics alone. These non-structural housing characteristics are
sonmetimes categorized as: (1) publically-provided services which include
schools, fire protection and garbage collection and (2) nei ghborhood
ameni ties which include such characteristics as accessibility, serenity
and air quality. The substantial contribution of neighborhood anenities
to the total price of a house has been established by nunerous studies
including that by Krunm(1980). Tolley and Di anond (1982)
is devoted entirely to the role played by anenities in residence site
choice. Currently estimation of the demand for housing amenities rel ated
to air quality follows sone variant of the inplicit market approach sug-
gested by Rosen (1974).

Housing is viewed as a bundle of traits consisting of not only
structural characteristics but nei ghborhood characteristics and services

as well. Househol ds respond to the traits thenselves and, if they cannot
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rearrange or repackage themto exactly suit their tastes, the configura-
tion of traits as well. Househol ds choose a bundl e of housing | ocated at
a particular site having only incidental dealings in the nmarket for |and.
Uility is nmaximzed over housing and other goods subject to an income
constraint. and an exogenous, through not necessarily linear, price func-
tion for housing. As described by Blomguist and Wrley (1981), such a
process yiel ds demand equations for each of the housing traits where
own-price, the prices of conplenmentary and substitutable traits, incong,
and tastes are determnants of trait demand. G ven that the housing
hedoni ¢ function (the market price of housing as a function of the quan-
tities of the various housing characteristics) is interestingly non-1linear
the demand for any particular characteristic is not directly obtainable
in that the housing hedonic equation is a market clearing function in-
fluenced by supply as well as demand conditions. See Freeman (1979b). In
order to get trait denmand, we nust estimate the market clearing function
calculate the marginal trait (hedonic) prices, and use these prices along
with income, other demand shifters, and whatever is necessary to identify
trait demand, see Wtt et. al. (1979). By finding the area under the
estimated demand curve, we can estimate the benefits of amenity provision
This housing market approach, while not without the limtations noted by
Freeman (1979b) and Smith and Di anond (1980), provides useful information
on the value of inproved anmenities. These estimtes can be conpared to

t hat obtained by contingent valuation

1. Housing Studies of Anenities Related to Visibility

A great deal of effort is being devoted to measuring the demands for
clean air and pleasing views -- two housing amenities related to visibility.
Cean Air -- Recent representative studies of the demand for clean

air are those by Harrison and Rubinfeld (1978) who use Boston census
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tract housing and household data to nmeasure the benefits of reduced con-
centrations of nitrogen oxide and particulate, Nelson (1978) who uses
Washi ngt on DC census tract and househol d data to neasure the benefits

of reduced concentrations of particul ate and oxidants, Brookshire et. al.
(1979) who use househol d-specific Los Angel es area data to neasure the
benefits of reduced concentrations of nitrogen oxides and particul ates,
and Bender et. al. (1980) who use househol d-specific Chicago data to
measure the benefits of reduced concentrations of particulate. Table 1
shows the benefits per househol d of inproved air quality as estinmted by
Harrison and Rubinfel d, Brookshire et. al. and Bender et. al. G ven that
these nmeasurenents are accurate, the estimted benefits of cleaner air
are an upper bound on the val ue of inproved nei ghborhood visibility to

t he resident households. Benefits of inproved visibility outside the

nei ghbor hoods and benefits of inproved nei ghborhood visibility to non-
residents are not captured.

Shoreline -- Further information on the upper bound on the val ue of
improved visibility cones fromthe study of pleasant views. Brown and
Pol | akowski (1977) use the housing narket approach to estimte the val ue
of shoreline. The value of shoreline property would reflect the
desirability of quick access to water-related activities and al so the
desirability of views associated with water-rel ated open space. Using
house-specific data for sale price and housing characteristics, they
estimate the value of shoreline in Seattle, Washington. They find that
a house located in an area near a 200 foot-w de setback area will sel
for about $2100 nore than a conparable dwel ling near a 100 foot-wi de
setback and that a house near a 300 foot-w de setback will sell for
about $3336 nore than a 700 foot-w de setback (again using the CPl to

convert to June 1980 dollars). This estimted value of shoreline is
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TABLE 1

The Benefits of O eaner Air

Dependent
Vari abl e

Pol | utant s

Aver age Annual

Benefits per Househol d2

Harrison &
Rubi nf el d

Br ookshire
et. al.

Bender et.
al.

Bost on

Los Angel es

Chi cago

Medi an property
val ues fromcen-
sus tract data

Sal e prices of
i ndi vi dua
houses

Sal e prices of
i ndi vi dua
houses

Ni trogen Oxi des
and Particul ate

Ni trogen Oxi des
and Particul ate

Particul ate

$187 for reductions from
auto em ssion controls
(90%-reduction in tail-
pi pe eni ssi ons)

$686 for combi ned reduc-
tion of about 30%in
average ambi ent |evels

$593 for a uniform20%
reduct i on.

%Benefits are converted to June 1980 dol | ars using the Consuner Price I ndex (CPl).
The estimtes shown are the best point estimates, but each study shoul d be con-
sulted for ranges and qualifications.

b

A 10% di scount

rate is used to convert the estimate to an annua

val ue.

Source: Cal cul ated fromHarrison and Rubinfeld (1978, p. 92), Brookshire et. al.

(1979, p. 131) and Bender et. al.

(1980, Table IV).
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rel evant, but of limted useful ness for two reasons. The first is that

the value of visibility and view ng cannot be separated fromthat of access
to water and park-related activity. The second is that the nethodol ogy
fails to estimate the demand for shoreline unless we make the heroic
assunption that the housing hedonic equation reveals the demand directly.
Harrison and Rubinfled (1978), Bender et. al. (1980) and Bl ongui st and
Worley (1981) all find, with different data sets, that there can be

great differences between any benefits estimated directly fromthe he-
donic and those estimated nore appropriately using a two-step procedure.

Pl easing Views -- Abelson (1979) provides nore specific infornmation

on the value of visibility-related anenities. In his analysis of housing
prices in the Rockdal e section of Sydney, Australia, he considers two
environnental anmenities of interest: (1) view, which is measured sub-
jectively as good, average or poor and (2) block level, which indicates
whet her or not the house is either on the top side of sloping street or
built well above street |evel. Abelson relates that some houses have
views overlooking the Pacific Ccean and that views vary greatly in
quality. For all houses in the sanple, the value of a good view over

an average viewis 1.7%of the average house price, and the value of a
good vi ew over a poor viewis 3.5%of the average house price. The val ue
of a house built on a high block level is 5.5%of the average house price.
| f Abel son's specification is correct, then a house with a good view built
on a high level is worth nore than a house with a poor view built on a
non-hi gh | evel by 9% (or 2160 Australian dollars in 1972-73). This
substantial percentage of the total house price suggests that viewrelated
amenities are inportant and that even though the value of visibility is

| ess than that of the view, it may still be non-negligible. Another of
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Abel son's findings indicates that the values of view and visibility in-
crease with incone. For the sanple with only houses priced above the
average, he finds the values of good views over average views, good Views
over poor views and a house built on a high block level all to be approx-
imately twice those for the entire sanple. Thus, visibility-related
amenities make up approxi mately 17%of the total value for higher-priced
houses. This finding is substantiated by the positive sinple correlations
bet ween good vi ew and soci al status (.271) and between good vi ew and ex-
ternal house condition (.156). As with the benefits of shoreline, these
for viewing are estimated directly fromthe housing hedonic equation
which reflects supply as well as demand conditions and consequently are
subj ect to unknown bi as.

The nost exhaustive anal ysis of vieworiented residences is by
Pol lard (1977) who explores the inplications of topographical anenities
in an urban housing nodel . According to Pollard, visual anenities are
a function of the breath (scope) of view which he neasures by building
hei ght (floors) and the conposition of the view. Since the data are com
posed of 232 Chicago apartnments north of the Loop al ong Lake M chigan
dummy vari abl es are created for each | oopvi ew and | akevi ew. Estimating
a rental expenditure function and a building height function which he
derives froma nodified Mithian nodel, Pollard finds that the view affects
both rents and building height. As shown in Table 2, the value of the
views is approximately 14% 17% of average rental paynents wth values for
| akevi ew and breadth of veiw based on significant regression coefficients
and | oopvi ew on an i nsignificant coefficient. Gven Pollard s estimte
of total monthly rent in the study area is correct, the additional tota

rental premumpaid for visual anenities is approximately $113 mllion in
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TABLE 2
The Val ue of Loop and Lake Views in Chicago

A VALUE OF VI SUAL AMENI TI ES

Visual Anenity Val ue of Anenity
Share of Average Rent June 1980 Dollars per Year 2
Lakevi ew % $332
Loopvi ewb 3% $142
Breadth® 7% $332
Tot al 14% 17% $664- 806

B. EXAMPLE OF A LOOP APARTMENT

Descri ption of Apartnent Premiumfor Visual Amenity

Share of Rent of June 1980 Dol | ars per Year
Apartment with View

1st floor, no special

Vi ew T
10ph floor, no special 14% $791
Vi ew

10th floor, Loopvi ewb 17% $957
10th fl oor, Lakevi ew 20% $1177

10th floor, Loopview 290 51343
and Lakevi ew

3al ues for 1975 are converted to June 1980 dol | ars usi ng the CPI.

bThe coefficient on which this estinmate is based has a t-value of only 0.8.

®Since proximty to Lake M chi gan i ncreases buil di ng hei ghts and hence t he
breadth of view, part of the value of breadth is due to a | akeview.
Pollard finds that |akeview apartment buildings are 76%taller than non-
| akevi ewbui | dings. The value of |akeview inplied by taller buildings is
4.3%of average rent (.067 x 64 = 4.3 where 64 = 1.77 x 36). The val ue

of breadth without the |ake height effect is 2.4% of average height (.067
x 36 =2.4).

Source: Pollard(1977).
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1980 dollars (43.8 x 12 x .14 x 1.533 = 112.8 where 247.1/161.2 = 1.533).
Wil e we nust again renenber that these values cone directly fromthe
hedoni ¢ equation and not fromthe demands for visual anenities, Pollard s
research clearly indicates their substantial inpact on vieworiented

resi dences and that di nensions of view ng can be successfully considered.

V. Further Work Based on View Oi ent ed Resi dences

Conceptual Iy, the value of any perceived housing characteristic
(including area visibility) can be found through analysis of the inplicit
mar ket for the characteristic. As described above, several studies have
estimated the demand for clean air. However, no such study has been done
for visibility, and given the extrene data requirenents, it is quite un-
likely that one will ever be done especially for a housing market as |arge
as a Standard Metropolitan Statistical Area. In marked contrast is the
excel | ent prospect for |earning nore about the value of views and conpo-
nents of views. W have seen that in vieworiented submarkets, there is
sonme i ndication that view ng can be worth as nuch as 20% of total housing
expenditures -- an effect readily detectable by statistical hedonic price-

trait demand anal ysis with average quality data. W now address what
such a study nmight entail

Let us assune that househol ds maxinmize their utility which is separ-
abl e and depends on housing and a conposite good excl udi ng housing.
Housing, which is a vector of housing characteristics, can be considered
as having viewrel ated characteristics such as breadth and conposition as
wel | as characteristics unrelated to view ng. Follow ng the theory and

met hodol ogy described in part 11, we woul d estimate the hedoni ¢ housing

function which includes the viewrel ated characteristics estinmate the
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the demands for these special characteristics, and aggregate to get the
val ue of views.

For a submarket like Pollard s where view oriented residences are
prom nent, the hedonic housing function would specify rent as a function
of structural characteristics such as floor space, roons, baths, age,
fireplaces, central air conditioning, central heating, units in building,
floors in building, garage, separate storage area, building elevator
paynent characteristics such as whether or not rent includes utilities,
heating, air conditioning, garbage collection, parking; neighborhood
characteristics such as access to enpl oynent and shoppi ng, school quality,
crime rate, street conditions, litter, noise, abandoned buil dings; and
view characteristics such as height of the apartment in floors, percen-
tage of horizon which can be viewed fromthe apartment, a dummy for
Lakeview, a dumy for Loopview, a dummy for ability to viewto the hori-
zon, and a dummy for extraordinary wi ndow space. (The hedonic equation
can acconmodat e condom niums with adjustnents for property taxes, and the
annual flow of housing services sinmlar to those found in Linneman (1980)).
The best functional formfor the hedonic function can be deternined by
using a quadratic Box-Cox procedure simlar to that used by Bender et. al.
(1980).

Estimating the demand for view characteristics will nake use of the
hedoni ¢ prices for housing characteristics and househol d characteristics
such as inconme, famly size, age structure and education. The proper
specification of the demand equation can be determ ned through a series
of tests for the superiority of alternatives follow ng Bl omgui st and Wrl ey

(1982) and Harrison and Rubinfield (1978).

By coordinating the housing market and contingent val uati on approaches
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to estimating the value of inproved visibility progress can be made in
critical areas of benefit estimation. First, sturctural and nei ghborhood
housi ng characteristics obtained from cooperative building managers can
be suppl emented and matched with view and househol d characteristics ob-
tai ned through t he contingent val uation survey. This merger would permt
estimating benefits fromthe demands for view characteristics, not the
hedoni ¢ housi ng equati on. Second, by carrying out a contingent val uation
study for views (in addition to a study for visibility) we can conpare
the estimates of the value of views obtained fromthe housing (inplicit)
mar ket and contingent market studies. Such a conparisonis crucial to
under st andi ng the useful ness of contingent val ues of environnenta
anenities such as visibility which are not easily estinmated by alterna-

tive approaches.



